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ABSTRACT

As shown by extensive literature referring to imedal transport infrastructures, the factors
characterizing the efficiency analysis are alsatesl to the geographical position with regard to
international traffic and this paper sets out toifydf this relationship is observable in the \aus
cases of Italian rail-road terminals. To this end,investigated the intensity of the mode of tramsp
used for exports at the territorial level of Italiegions.

Using a panel effect model and stochastic fromtiedel, we study whether the technical efficiency of
selected rail terminals is significantly influendeyg international freight flows, their directioncithe
mode of transport used. The paper presents a pHaet and a technical efficiency analysis of &ali
rail terminals for the years from 2007 to 2011 ¢desng variables related to production factorshwit
a dynamic vision over time. During a period of agjosariability of freight rail-road transport iraly,

we apply several econometric models to assesdeamiiinal performance in a stochastic frontier
framework in order to study the pattern of techhiféiciency over time. The results of this study
show technical changes have negatively contribtatéatermodal productivity growth over the sample
period and the models applied also find a declinechnical efficiency.
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1. Introduction

Intermodal freight transport reflects the combioatof two or more modes of transport (e.qg.,
road, rail, water) within a single transport chdiris generally assumed that the goods moved
are containerized and, thus, allow standardizedlranduring the transfer between any two
modes involved in transport. Intermodal freighingport is receiving increasing attention in
the European transport economy as it is considargdy of increasing traffic safety and
reducing road congestion and air pollution at tae time (European Communities 2002).
Road-rail intermodal transport is one of the mamTs of intermodality and represents an
important alternative to mono-modal road transpine spread of this transport system based
on rail transport of Intermodal Transport Units WH) requires efficiently operating
interchange terminals situated in strategic tematolocations. Public and private policy
choices should be driven by economic reasoning f@shihe search for optimal use of
resources and the potential obtainable resultsnfemmodal terminal needs to be assessed in
the same way as any other production process dgaires input in order to obtain output
and, in the case in question, the best possiblebc@tion of production factors typical of
intermodal goods transport services. These faajerserally comprise elements linked to
specific infrastructures (operational areas, lerajthail tracks, moving equipment, etc.) over
and above the labour factor.

These resources generate output manifesting itsedf complex manner, generally as the
throughput of transport, for example, freight tiafimeasured in ITUs of the modal
interchange rail-road terminal.

Over the years analyzed in this paper, the ragaaector in Italy suffered more heavily than
other forms of transport as a result of the ecoodmancial crisis. The crisis seriously
affected the type of traffic for which rail is mosuited (international, raw materials,
automotive) and heightened competition with roashgport, which recorded a fall in fares
and a more frequent use of spot loading and caneaegotiation, bringing about phenomena
of modal back shift and the consequent destruckatadn of rail services.

The ltalian rail network, which is 16,861 km in ¢gh, transports 20.2 billion ton-km of
goods, equal to about 1.2 million ton-km per knnmefwork, compared to about 3.2 million
ton-km in Germany and an EU27 average of aboubllibn ton-km. Over the period 2007-
2011 rail goods traffic in Italy fell by 21.7% ioni-km (Eurostat, 2014).

At the same time, the new equilibrium of foreigade is stimulating growing demand for
advanced logistics services from lItalian businegsesder to be competitive on new export
markets. The organization of the “ante crisis” &igis model in many Italian regions is no
longer adequate for the requirements of domest&ginksses, which increasingly require
integrated intermodal services and specialized atpes capable of managing the entire
logistics chain for higher quality products destirfer export. This new logistics model calls



for efficient dedicated infrastructures and higlyyalified logistics operators capable of
managing the whole logistics chain.

Italian businesses have the incentive to find neverging markets since the international
crisis has led to a contraction of traditional nedsk especially European ones with advanced
logistics services, and these businesses are lpdkimopenings in new and more dynamic
markets, but which have outdated logistics seryisegh as China, India, Russia, South
Africa, Brazil, Turkey, etc. In this context inteoaality becomes of central importance and
acquires greater strength than road or other moogahforms of transport. The elements of
strength to be found in intermodal transport casuremarized as:

a) suitability to international transport: greaagiaptability to long distance and containerized
or unitized traffic, of growing importance in a gressively more integrated continental
market;

b) reduction of negative environmental externaditiair and noise pollution, climate change,
urban and landscape impact;

c) higher levels of safety: reduction of road casigm, border crossings and port transit with
a positive impact on accident rates;

d) energy savings: reduced consumption of energgurees;

e) optimization of the gateway function: fully egjiing Italy’s geographical position as entry
point for goods heading for central Europe;

f) exploiting synergies between the various modesransport: specialization of transport
according to distance and type of goods transpprted

g) efficient use of resources: rationalizationhe tise of staff, vehicles and equipment;

h) rationalization in the use of territory: optiration in the organization of dedicated areas
and reduction in land use compared with more widgpmodels (SRM, 2011).

In this sense, the intermodal function is seen asgaential activity chain involving various
specialized infrastructures for modal interchanfyem ports to road-rail terminals and
interports. The efficiency of road-rail and sed-maiermodality therefore becomes of great
importance since this traffic also includes corgaitransport between Italian ports and the
main origin/destination domestic markets, usudihptigh rail terminals and interports which,
in ltaly, are generally situated inland from paatsd can thus be defined as inland terminals.
Indeed, certain critical points in the Italian Istigs/transport system prevent the competitive
and quantitatively coherent absorption of the flafiggoods passing through ports, thereby
generating a separation between origin/destinasea flows and origin/destination land
flows. Indeed, very few Italian ports are equippeith an “on dock or near dock” rail
terminal where containers and other cargo unitsheamoved directly from the dock or the
storage areas to a railcar using the terminal's egumipment, and in many cases these
terminals have been dismantled.



This paper uses econometric techniques relatingpgoestimation of stochastic production
functions and of technical efficiency in order twalyze the production performance of road-
rail modal interchange terminals in Italy over gegiod 2007-2011.

2. Terminals and modal interchange functions

The modern organization of global supply chaingl hence national and regional logistical
strategies, have changed considerably over thetlastdecades; the economic-logistical
paradigm has been decisively affirmed as beingntte towards international trade and
exportation. This has imposed on the global marketspresence of few but large global
operators of goods transport (shipping companiesnihal operators, logistics service
providers) who are ever more frequently managiegalyistical chains as a whole, while ever
more constantly searching for higher levels ofcegficy. The relationship between maritime
and port operations and inland ones for land fowgy and the outlet of internal areas
becomes central, and in that sense inland termaradsthe rail-hub infrastructure take on
strategic importance for example in consideringetgrial intermodal terminals for the early
phases in global supply chains: export flows, thdb say for production areas which require
an efficient logistics-territorial export-orientéahctioning (Notteboom, Rodrigue, 2009).

The basis of intermodal transportation resideh@development of systems that integrate or
combine the various elements of the five modesasfsportation i.e. motor, railroad, water,
pipeline and air transport. However, the varioassport modes are not the only parts of the
intermodal transportation chain, which also inckidseveral activities during the
transportation process. This paper focuses on riduption side of the intermodal rail-road
transport interchanging process. Different intezfaare found not only between companies
but also between different tasks/activities in ¢thain. Effectiveness and efficiency calls for
modularisation of activities in the chain in terwfseasy access and interconnectivity of the
tasks in order to create reliable, flexible and fagermodal transport chains.

With regard to standardisation, this means simiplgfyroutines in different interfaces of the
chain, using packages that are optimal for contasnether intermodal transport unit sizes,
and creating clear EU standards. General standiardiata and information transmission are
also needed. With regard to cooperation, there ise@d for improved collaboration at
company boundaries or interfaces, matching betgenimg hours in the chain, total
optimization of routes, and more efficient combaiof return loads. From an information
management perspective, in container sea-landpainsoordination includes an increase in
information sharing, availability of advance infation, faster feedback from shipping
companies to transport inquiries, finding adequedq@ipment for land transport, and an
increase in information management between thequatator and other organisations (Caris
et al, 2008).



The intermodal transport chain consists of modalaments that can be linked together; the
generic transport service hardly offers the po&tritor differentiation unless add-ins like
logistics services, information management andratpecial services can be included in the
“value adding” multi-service supply. An increasingodularisation of services, combined
with appropriate coordination mechanisms and engbtechnologies, will improve the
opportunities for intermodal transport operatorsfutiil variable customer demands from
basic transport operations to special deliveriessaphisticated logistics solutions.

With reference to the physical infrastructure dathd to the main intermodal function, the
modal interchange, several evolution trends ararlglesisible for the near future. Evolution
will lead to increasing concentration of operatiomstrategic points where transport modes
meet and value added services are performed. lot&Eintransport growth will lead to
development needs in large but also smaller fraighters.

ITUs consist of containers, swap bodies and seiteitsaequipped for combined transport,
and their movement will take place on fast trumed with handling being concentrated in
efficient terminals. Terminals must be able to adheir operations to changing transport
requirements. Growth of container use will allowcreasing automation. Large container
vessels will dominate ocean transport and turnatdumes in ports will be very short. Cargo
handling technology will be further developed taluee operating costs. Simultaneous
handling of containers will increase operationéicefncy (Janic, 2007).

The transport policies to adapt the intermodal esysto these trends have varied widely
across European countries. While northern Eurogeantries, principally Germany and The
Netherlands, strongly improved sea-rail and roaldisreermodal systems, Italy did not follow
the different geo-economic features of territorieasNorthern Italy the terrestrial policy of the
networks directed towards import-export flows wNorthern Europe through the Alpine
mountains passes functioned, while in the Soutenientions should have been more
oriented towards port related logistics and dirctewards maritime flows rather than
replicating a model valid for the industrializedji@ns of the North.

At the same time rail cargo transport in ltaly, plessits liberalization, is going through its
greatest structural and market crisis of recenades. Between 2008 and 2012, rail goods
traffic dropped from 23.8 million ton-km to 20.2lh@n (-15%), and the railway modal quota
represents about 9% of the total of goods transegdoim Italy, compared to a European
average of 16% and a quota of 21.5% in GermanyolEat, 2014).

The most important elements of an intermodal trarispetwork are the terminals, i.e.,
intermodal nodes, which are locations that conh&otor more transport modes. Intermodal
terminals may be designed to handle different ITdosl to serve different transportation
modes depending on the configuration of the trarigpetwork, node locations, accessibility
for different transport modes, demand charactedstransport flow volumes, and so on.



The terminal is a place where goods are transfdretgeen any two or more freight transport
modes. In this interface unit loads are collecexthanged, stored and/or distributed. The
handling operations at the freight terminal maylude the same transport mode or two
different transport modes. The core activity of thieermodal terminals is transshipment of
goods between different transport modes. The tearisftween transport modes has been a
critical attribute of transport terminals since #pgpearance of terminals in the development of
distribution logistics.

Inter alia, rail-road terminals consist of a widage of installations, ranging from simple
terminals providing transfer between two or threedes of transport, to more extensive
centres providing a number of value-added servisesh as storage, empties depot,
maintenance, repair, etc.

A major part of intermodal transport consists @nsport performed by rail and railway
intermodal terminals are preferred. Two main typestermodal railway terminals can be
distinguished:

- inland terminals (located in freight villagesarisport and logistics centres, shunting stations,
inland ports);

- port terminals (located in maritime and inlandevevay ports).

The competition and effectiveness of freight platfe may increase with the establishment of
a network of collaborative platforms. In this wayet competition of the railway, and
indirectly intermodal transport, also increasesil Bacompetitive only under conditions in
which the transshipment times are minimal whenatlia&d regular trains are used. Terminals
connected effectively positively affect not onlyetivolume of freight and the extent of
economic success of individual platforms but ofwhle network (Jencek, Twrdy, 2008).

In Italy the road-rail intermodal option, which thg the nineteen-nineties was thought to be
capable of competing with all-road transport foe furpose of modal rebalancing, has been
partly positive only for certain poles of terreatrcross-frontier traffic in Northern Italy, first
and foremost for crossing the Alps. In Southertylguch a uniform option for the entire
national territory has proved to be totally inadaig, as it contributes towards distancing
transport and logistics operators from ports amenfimaritime transport which, in contrast,
represents the main mode of transport for inteonatiand inter-Mediterranean trading.

Italian public intervention was therefore princigabriented towards the “interport model”
logistics centre for the entire country, withounsmlering the heterogeneous economic and
geographic regional territories (lannagteal, 2008).

Europlatforms, the European association of freiglhdges, provides a definition of interports
very close to that which several authors have ddfias inland freight centre, or rather a
concentration of independent business concernsatipgrin the transport and logistics sector
in a complex structure in which it is possible #&rrg out operations of modal exchanges
among cargo units (Roso et al. 2009). Accordingucoplatforms, in fact, a “freight village”



is a defined zone within which activities are praselating to transport, logistics, and to the
distribution of goods both by national as well gsriernational transit, carried out by various
operators. These operators may be owners or resftérsldings and structures (warehouses,
storage areas, offices, parking lots, etc.). Ireprtd respect the rules of free competition a
freight village should allow access to all operatand should be provided with all the
necessary public services. Finally, in order tdlitate intermodal transport for the handling
of goods a freight village should preferably bevedrby a multiplicity of means of transport
(road, rail, sea, internal waterways and air) amslfundamental that it is managed by a single
public or private body. In short, a village planrea built to best manage all the activities
involved in freight movement (Europlatforms, 200@sually only a large-scale intermodal
logistic centre is called a freight village.

From this definition a prevalently inland localiwat of European freight villages emerges
doubtlessly inspiring the main Italian interpomscionsideration of the transport policy trends
of the first Italian General Plan of Transport (L@45/1984) and of the Interports five year
plan (Law 240/1990).

A typical inland rail-road terminal, not a freightlage, includes the following elements:

(a) Rail sidings for train/wagon storage, marshgliand inspection purposes.

(b) Transhipment tracks (also termed loading tratdstrain loading/unloading operations.

(c) Storage or buffer lanes for ITUs.

(d) Loading and driving lanes for trucks.

(e) Gates, internal road network.

In the simplest type of operation, the train asivan the transshipment line, is serviced
(unloaded and/or loaded) and remains there unghdere. This type of operation enables
almost exclusive direct transshipment between waguhtrucks without intermediate storage
on the ground. The unloading and loading sequende&iated mainly by truck arrivals at the
terminal. Real-life operations are generally mooenplicated and therefore we assume that
each terminal produces less than its optimal outlpet to a degree of technical inefficiency
(Ballis, Golias, 2004).

3. Theempirical model and data

In this paper we use a sample of 34 Italian raihteals to assess the developments over time
of technical efficiency in the ltalian rail-roadrteinal sector over the period 2007-2011. We
apply the production frontier models that indictite maximum production capacity given the
combination of available resources. Inefficiencynisasured by the extent that a firm deviates
from the possible production frontier. Aignetral. (1977) are among the pioneers proposing
the stochastic frontier model (SFM) with maximurkelihood estimators. Since then, the
SFM has been applied extensively in industrial gsisl Battese and Coelli (1995) is one of



the guiding examples using SFM in evaluating edficiy of transport infrastructure,
specifically container ports.

The construction of the stochastic frontier modwel astimate of technical efficiency is based
on a hypothesis of a relationship between the ieahfacilities of the terminal and traffic
performance, by estimating the relationship witG@b-Douglas log-linear type production
function. In the estimated function different stural configurations bring about the
respective levels of outcome measured by the ¢raffindled. An attempt has been made to
show more especially the level of efficiency ofaimdl Italian rail terminals in relationship to
studying their capacity to attract and handle mustal rail-road and rail traffic, as a
dependent variable, by considering a set of indégenvariables referable to the factors of
production used all expressed in logarithms.

The sources examined for the construction of thasds were: the business websites of the
Interports and th&@erminali Italia company ofFerrovie dello Statgyroup, theUnioncamere
TRAIL portal, Europlatform freight villagportal, UIRUnione Interporti Riunitwebsite, the
Transport and Infrastructure National Account cé thalian Ministry of Infrastructures and
Transport. More especially dimensional data anffid¢ratatistics for individual freight rail
terminals were directly obtained from the termiopérators through a sun/ey

The definition of an output variable descriptivetloé production process may prove reductive
with respect to the multi-functionality of a strumt capable of generating value with
heterogeneous and multimodal services. In theggstehe output generated by a rail terminal
is comprehensively described by the variable wlexpresses the measure of cargo traffic,
Intermodal Transport Units (ITU) throughput.

In the parametric stochastic frontier approach andhe technical efficiency model, the
variable chosen for the definition of output size represented by the measure of rall
productivity index (RPI) defined by intermodal reeal traffic, in the number of ITUs,
divided by thelength of ail tracks (in meters)This is a productivitymeasure thabetter
depicts the technical dimension of the technologyfiguration in order to describe terminal
design, especially in the case of high variabilay dimensional data between the
infrastructures of the sample. Empirical studiestaty show that an intermodal terminal that
is not over utilised should not exceed the measfird5-30 ITU per meter of rail tracks
(Ministero del’Ambiente, 2013).

Following the parametric approach, for the purpokeletermining functional dependence,
Pelset al. (2001 and 2003) carried out an analysis in 3bpean airports and evaluated the
stochastic frontiers of productivity.

With reference to input variablethe explanatory variables selected to representathaur
factor and the physical and structural (capitaldgocharacteristics for thieth terminals are:

- Employment at the intermodal terminal (log oftapi

* We would thank Dr Fedele lannone for collectiod annstruction of survey’s dataset.



- Intermodal Terminal Area (log of sg.m.).

With regard to the entrepreneurial environment,wheables selected for theh intermodal
terminals are:

- HHI ratio: log of an index measuring the concatitm of the terminals and the competition
among firms in the industry is applied as one eféfficiency determinants.

- Interport (yes/no): a dichotomous variable edadl if the terminal is inside an interport and
equal to O if it is not.

The HHI ratio is invariable among different panpiants in the same market, but it will vary
over time. A relatively high HHI ratio shows a higharket power with a low level of
competition. We calculate the HHI ratio as the tigigput of each terminal out of the total
throughputs in the market for each time period. réfuge, the production frontier was
estimated on these variables. All the models aistude a linear time trend variablgegn;

by capturing neutral technological progress it valous to distinguish productivity
improvements induced by technological change, tlowements of the frontier over time,
from those deriving from efficiency improvementshigh are movements along the frontier
(Yanet al.2009).

The frontier-shift time effect, represented by shét of the productive efficiency frontier in a
production function, may occur because of signiftazhange such as technological progress.
Since transport infrastructure investments are liepd thus transport infrastructures have
little control over adjusting inputs in a short ipel; terminals should practice a maximization
of outputs given input levels. This perspectiva ibasis of the output-oriented model. This
study adopts the output-oriented model as the ndetfqrojection to frontiers based on the
observation concerning the ltalian rail freightmé@ral sector. In the real world transport
infrastructures are closer to being throughput mézers rather than input minimizers, an
example being container terminals and ports (Carieet al, 2004; Cheort al. 2010).

As we assume that technical efficiency can be eséich by using the logarithm of the
productivity ratio between throughput and rail terah tracks, the results show the effect of
employment, terminal area surface extension, catigetand inclusion in a logistic multi-
service environment on production efficiency. Tallereports descriptive statistics of
variables included in the study.



Table 1 - Descriptive statistics of variables

Variable Observations Min Max Mean Std. Dev.
Intermodal rail freight traffic (ITUs 167 0.00] 427416.00 58716.287 91710.337
Rail track length (meters) 167| 300.00 24000.00 3676.695 4616.856
Rail productivity index (RPI) 167 0.00 50.276 16.091] 12.416
Employment at the intermodal
terminal (units) 167 1.00 229.00 23.132 37.597
Intermodal terminal area (square
meters) 167| 6000.00 350000.00 103491.096 95698.596
HHI index 167 0.00 21.728 2.990 4.695

4. Timeinvariant and time varying econometric models

The estimation of stochastic production frontiess dross-sectional data was simultaneously
proposed by Aigner, Lovell and Schmidt (1977) andeMsen and van den Broeck (1977).
There are many potential econometric benefits wizetel data are available. If information is
available on a group of rail terminals over timerthwill be more variability in the data, less
collinearity and more degrees of freedom availgBlaltagi, 1995). This will lead to more
consistent estimation of technical efficiency incstastic frontier analysis. The goal of this
paper is not to investigate all existing panel damadels, since we know, a priori, that
different models give different results. So we haetected some pooled and panel data
models, and investigated the results from thesenvalpplied to the same data set. To analyze
these models, we gave them the same expressiordiffertent models are specified for
different parameter assumptions. The functionvemias:

Vie = o+ f':x'lﬁ:' + & (1)

wheref is a function that indicates or Cobb Douglas anstog, ecci=1,2,... N, indicates
the rail terminal in our samples1,2,...T indicates the time, an@: = v:= — ;. The random
error term v is assumed to be normal distributed, denotedvasiidN(0,23). The
inefficiency term is assumed to be one-sided disted. If it is half normal, it is denoted as
ue ~V* (0 ,25). These eight models are briefly specifiedainle 2:

Table 2 - Models specification

Panel Panel
Pooled Model Time Invariant Model Time Varying Model
* Aigner, Lowell and Schmidt,» Pitt and Lee, 1981 * Battese and Coelli, 1992
1977 e Battese and Coelli, 1988| « Battese and Coelli, 1995
e Stevenson, 1980 * True Fixed Effect
e True Random effect

According to the relationship between technicaffioency and time, panel data is separated
into two types: one is the time-invariant model,iclhassumes that technical inefficiency is
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constant through time, without any technical chaoger time, labeled ag:; the other is the
time-varying model, which allows technical ineféaicy to change over time, labeledias
Under a panel data generating process, the ingfiigi component is assumed to be correlated
over time; when this is applied to the inefficiermymponent, it results in one of two general
forms:

1, U= U =0 = Up = Uy Time invariant

2. Up= u g .our = ugll) jeu, =ug(0) Time varying

4.1 Timeinvariant models

4.1.1 Pitt and Lee (1981) and Battese and Coeli8g)

Pitt and Lee (1981) and Schmidt and Sickles (198dje the first to consider stochastic
frontier models with panel data. They considerednttodel with time invariant inefficiencies:

Vie = o + FIX' Bl 41y —u, P =12 e N E= 12, T )

This equation can be converted to standard pan&indadel:

Vie = & + flx'B) + vy, i=12,...Nt=12.....T (3)

wheret: = s — U;, Note that®: < @ and®: = s only wheni: = 0 . Therefore, a smaller
individual- specific intercept implies a lower léw# technical efficiency.

Pitt and Lee (1981) considered the model (3) uedsentially the same assumptions as in the
cross-sectional stochastic frontier model. Thisittreent of the model requires distributional
assumptions for the two error ternys>iid N(0.of) and half normal distribution
for u;~ N*{0.¢ikw,v,and x are independent of each other.

By contrast, Battese and Coelli (1988) consideree more general truncated normal
distribution withu:~ N*(w2i), These authors derived their results for the cdidmalanced
panels, while Battese, Coelli and Colby (1989) gelieed the model for the case of an
unbalanced dataset.

The assumption of time-invariant inefficiency ismsmwhat more plausible in very short
panels, but it is highly unlikely when the numbéiyears/periods is large. It is reasonable to
assume that technical efficiency follows some fafnpattern over time. Whether this pattern
is common among all rail terminals is also an intgarassumption to consider. It is possible
(or one would like to believe) that inefficient Iregrminals become more efficient over time.
Likewise, it is also possible that some rail teralgnbecome less efficient before leaving the
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sample entirely (shutting down) in long unbalangeganels. The choice of temporal

assumptions depends upon the length of the padeth@nature of the sample. Furthermore,
the longer the panel, the less likely it is thatht®logy remains constant. Technical
progression (or regression) can easily be incotpdrhy adding a time trend or annual time
dummies to the specification

4.2 Time Varying Model

4.2.1 Battese and Coelli (1992)

Battese and Coelli (1992) propose a stochastidioproduction function for (unbalanced)
panel data which has rail terminal effects whica assumed to be distributed as truncated
normal random variables, which are also permitted/iary systematically with time. The
model may be expressed as:

Vie=a; + flxF) + vip — Ut 4)

Theu:- are assumed to be exponential function of timelinng only one parameter, such

that:
u;p = [exp[-nt — T u; (5)

wheret:: is assumed to have truncated normal distributiahia is a unknown parameter to
be estimated, which determines whether inefficesncare time varying or not. i is
positive,~n{t —T3=n{T — 1} js positive for t<T. Thereforefexp[-—n(t —T}=]} >1, which
implies that the techinical efficiency of the rakminal declines over time. One advantage of
this model specification is that the inclusion ofime trend into the production function
permits the estimation of both technical change emahges in the technical inefficiencies
over time. As many authors note, this exponentiatfion is very rigid.

Another such model proposed by Kumbhakar (1990}Heaollowing specification:

U = {1 +expf{ et + 5277 | Ly, (6)

The Kumbahakar function lies in the unit intervaldacan be non- increasing, non —
decreasing, concaveor convex depending on the aighsnagnitudes ¢f and¥ .
Finally, Lee and Schmidt (1993) proposed an alteradormulation:

WUie = a‘g-“.:' (7)
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where d:is specified as a set of time dummy variables. Thiglel is appropriate for short
panels, since it requires estimationToell additional parameters. Lee and Schmidt estimated
both fixed and random-effects versions of the mg@8glin the fixed effects case baih and

u; are considered as fixed terms, and in the randifecte casé!: is treated as a random
variable. Lee and Schmidt used a least squaresasti, while a generalized method of
moments approach to the estimation of the modeldeen developed by Ahn, Lee, and
Schmidt (2001).

The parameters of the stochastic frontier and tbdainfor the technical inefficiency effects
are estimated simultaneously by maximum likelihood.

4.2.2 Battese and Coelli (1995)

A number of empirical studies (Pitt and Lee, 19Baye estimated stochastic frontiers and
predicted efficiency levels regressing the prediaéiciencies upon specific variables. The
two-stage estimation procedure has also long besygnized as one which is inconsistent in
its assumptions regarding the independence ofriiidiency effects in the two estimation
stages. The two-stage estimation procedure is elglito provide estimates which are as
efficient as those that could be obtained usinm@les-stage estimation procedure. This issue
was addressed by Kumbhakar, Ghosh and McGukin j1&8l Reifschneider and Stevenson
(1991) who propose stochastic frontier models inictvithe inefficiency effectsu() are
expressed as an explicit function of a vector @cHjr variables and a random error. Battese
and Coelli (1995) propose a model which is equivate the (4) wherét:: which are non-
negative random variables which are assumed touatcfor technical inefficiency in
production and are assumed to be independentlyibdisgd as truncations at zero of the
N* (m:,03) distribution; where:

=
L
I
||
e
Ca

(8)
where Z:: is a 1 vector of variables (such as covariate or timgabées) which may

influence the efficiency of a rail terminal; adis an Xp vector of parameters to be
estimated.

4.2.3 True fixed effect
In this case of true fixed effect modei; represents the additional rail terminal specific

effects and thus the unobservable heterogeneitgiloferminals. It is important to underline
that application of fixed effects to the stochadtantier model is a reinterpretation of the
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linear regression model with fixed effects, nottbé frontier model. Following Greene
(2005), the “true” fixed effects model is specifiasl (4).

The model is estimated by maximum likelihood. Ueltke usual fixed effect specification, in
which the fixed effects are interpreted as inedindy, the fixed effects in Greene’s model
represent unobserved heterogeneity.

4.2.4 True random Effect

Greene’s true random effects model is an extensidhe Aigneret al. frontier model that
includes an additional time-invariant random temncapture, in this case, rail terminal-
specific heterogeneity. The model can be expressed:

Vie = a; + FXB) 4 v —uy, a;~N(0,62) (9)

This model not only includes a rail terminal-levsurce of heterogeneity:, which is
potentially correlated with the explanatory vareshl but also allows for a time-varying
inefficiency term.

5. Pooled M odels

Another type of data set, which is similar to padata, is pooled data. Pooled data also
includes the observations of rail terminal for savdime periods. The primary difference
between panel data and pooled data is the indepeedaf errors. Both of the data sets
generating processes assume that the error tegridentically distributed:tir~d (L o7) in

the homoscedastic case. However, under pooledgdaiarating processes, an independence
assumption is addet:~iid (. 67) In particular, this independence does not change
time. So thatir and Wis are independently distributed. This permits timarying
inefficiency sincelir and Wi are independent realization of the inefficiencynponent of
the random error.

The pooled models considered in this paper are: @igner, Lovell and Schmidt, 1977) and
Stevenson (1980). The sample is considered ases s#rcross-sectional subsamples pooled
together and these models can also be estimateevanying efficiency.

All of these models and assumptions are summainizédble 3.
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Table 3 - Econometric specifications of the stothasoduction frontier

Specific Time varying Random noisé’:+ Inefficiency
Componen{: Inefficiency:+ estimate
ALS (77) None UpnN* (0,02 v,.~N(0,07 ) E(ule;s)
(Pooled)
Stevenson (80) None W~V =1, 55) v ~N(p o.2) Elugls;)
(Pooled)
B&C (92) None Truncated normal v ~N(0,67) Efu.lz:.)
u~N* (o)
U = fexp[—nlt =TV u,
BC (95) None Truncated normal vyit~N (0, 0,072 ) Efu..ls:.)
U ~N* (e, 03)
i = 3.'-.6
Pitt and Lee (81) Half Normal Half Normal vit~N (0,0,072 ) E(u,i |£it )
o ~N* (0, o) u~N*(0,03)
B&C (88) None Truncated normal v;~N(0,67) E(uyi &)t )
u; ~N* (W, 07)
TFE Fixed Half Normal v,e~N( 0,07 Efu;.lz:.)
U :':-"".'1'\'1 - ' CI.I '?;3 I
TRE a,~N(0,52) Half Normal v~ 0,83 ) Elule: + £:.)
U ~N*(0,87)

6. Main results

Table 4 shows the estimation results of the apphediels from which the results of the
models TFE and TRE are missing due to a non-coewnery We first fit the pooled and panel
models to the data set and compare the resulthasfet models from two aspects: the

@
estimation of parameters and the estimation ofirteéficiency, 4 and?¥ , wheret = /o,

o
and” ~ u/(ﬁz » + 6%, In particular, the parameter lies on the interval [0,1].

If there is no inefficiency, the value &t would be zero, thus the value-ofwould be zero.
Here,4 is expected to be significant different from zenmlicating the obvious inefficiency.
The null hypothesig=0, implies that the technical inefficiency effeet® not present in the
model. The half-normal distribution is a speciade&af the truncated normal distribution, and
implicitly involves the restrictiorHs :p= 0. The hypothesis that efficiency is invarianer
time (i.e.n = 0) has been tested. These are tested througbsingprestrictions on the model
and using the generalized likelihood-ratio testistia () to determine the significance of the
restriction. The generalized likelihood ratio sttt is defined by:

- -z.m{[if;i :ﬂ} — —2n[L(Hy)] — ()]} .
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where L{Hs) = the value of the log likelihood function for theoshastic frontier estimated
under null hypothesis andL{{7:11 )] is the value of the log-likelihood function fetochastic
production function under alternative hypothesiks.our case, the are all significant.
Moreover, from Table 4 we can note that all paramseare significant at the 1% level, with
the exception of the dummy variable “Interport”’rgfgcant at 10% for the Pitt and Lee (81)
and B&C (88) models and significant at the 5% |ldeelthe B&C (92) model.

When technical inefficiency is investigated, we damd that the B&C (95) and Stevenson
(80) give the relatively large estimation £{20.1430) and (61.087) respectively. This result

is also confirmed by the paramelerwhose value is close to one. A good result is givgn
Batttese and Coelli (92).

Table 4 - Estimation results

Parameter Stevenson (80) Pitt and Leg81) B&C (88) B&C (92) B&C (95)
Pooled Time-invariant | Time-invariant | Time-varying | Time-varying

o 5.9956*** 6.6099*** 6.6179*** 6.3136*** 5.9445%**

(0.4909) (0.8670) (0.8986) (0.8094) (0.4921)
Year -0.0956*** -0.1170*** -0.1170*** -0.0524** -0.0782***

(0.0224) (0.0170) (0.0171) (0.0256) (0.0277)
In Employment| -0.2887*** -0.2331*** -0.2326*** -0.2386*** -0.2908***
(units) (0.0504) (0.0698) (0.0715) (0.0663) (0.0510)
In Terminal -0.5770*** -0.6246*** -0.6252*** -0.6164*** -0.5776***
area (square (0.0475) (0.0857) (0.0877) (0.0803) (0.0479)
meters)
In HHI 0.8702*** 0.8356*** 0.8359*** 0.8196*** 0.8734***

(0.0427) (0.0334) (0.0343) (0.0332) (0.0436)
Interport 0.3022*** 0.2678* 0.2676* 0.2523** 0.3013***
(yes=1 no=0) (0.0877) (0.1518) (0.1526) (0.1309) (0.0882)
n - - - -0.1211%**

(0.03586)

A 61.087 2.4845 2.4490 3.8356 20.1430
¥ 0.9997 0.8606 0,8570 0.9363 0,9975
Ty 280.3883 0.5577 0.5413 1.2237 32,2044
0y 0.0751 0.0903 0.0903 0.0832 0,0793

*%k%k

, ¥*,* indicates the significance at 1%, 5% and 10% |egspectively.

In table 5 pair wise rank order correlations fdifedent models shows differences between
the models in technical efficiency, we note tha Highest correlation is between the B&C
(95) and Stevenson (80) Models, while the lowestetation is among B&C (92), Stevenson
(80) and B&C (95).
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Table 5 - Kendall’'s rank order correlations betwesriechnical efficiency estimates for
different models

BC88 BC92 PittL~81 St eve~80 BC95
BC88 1. 0000
BC92 0. 8660 1. 0000
PittLee81 0. 9800 0. 8507 1.0000
St evenson80 0.7239 0.6739 0.7101 1.0000
BC95 0.7213 0.6994 0. 7060 0.9341 1. 0000

Due to the log-log transformation of input and autpariables we can observe that the input
elasticities to productivity index are statistigaBlignificant and with a similar magnitude
across models. The coefficients have the negaiye with reference to employment and
terminal size; this is because technological chamgecreasing in the period as confirmed by
the negative coefficient of the time trend year awidently, adding more quantities of
production factors such as labour and physical @gpahe rail productivity index tends to
decrease. On the contrary the effects of the mar&eter index and localisation inside an
interport are positives. At the same levels offitahese results seem to favour infrastructures
with less unutilized capacity in contexts in whimlisiness agglomeration forces are active.
The efficiency scores for the time-invariant modetsl the time varying models are presented
in Tables 5 and 6.

Table 6 - Time invariant efficiency scores for thg terminal

Terminal Pitt and Lee (81 B&C (88)
Bari Ferruccio 0.7080 0.7117
Bologna 0.2312 0.2328
Brescia 0.3817 0.3840
Brindisi 0.6115 0.6148
Busto Arsizio 0.7076 0.7104
Candiolo 0.5237 0.5272
Catania Bicocca 0.4819 0.4845
Gallarate 0.7429 0.7467
Gela 0.9014 0.9030
Lamezia Terme 0.9186 0.9201
Leghorn Guasticce 0.8580 0.8611
Lugo 0.2848 0.2867
Maddaloni Marcianise 0.3023 0.3044
Marcianise 0.2201 0.2216
Melzo 0.9235 0.9246
Milan Certosa 0.4789 0.4813
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Milan Segrate 0.5254 0.5282
Milan Smistamento 0.6873 0.6906
Mortara 0.6864 0.4157
Nola 0.4642 0.4673
Novara 0.8741 0.8762
Padua 0.7616 0.7651
Padua Scalo 0.6269 0.6301
Palermo Brancaccio 0.2012 0.2026
Parma/Castelguelfo 0.7982 0.8019
Pescara Porta Nuova 0.6290 0.6321
Piacenza 0.3008 0.3027
Pomezia-S. Palomba 0.7687 0.7725
Rho 0.8273 0.8311
Rivalta Scrivia 0.8161 0.8199
Rome Smistamento 0.5011 0.5040
Torino Orbassano 0.5238 0.5269
Trento 0.6053 0.6086
Verona 0.7216 0.7250

Table 7 - Average time varying efficiency scoreste rail terminal

Terminal B&C (92) B&C (95)
Bari Ferruccio 0.7486 0.7893
Bologna 0.2610 0.2937
Brescia 0.4089 0.5295
Brindisi 0.6272 0.7493
Busto Arsizio 0.7721 0.7785
Candiolo 0.5408 0.6554
Catania Bicocca 0.5184 0.6547
Gallarate 0.7784 0.7968
Gela 0.9157 0.8821
Lamezia Terme 0.9104 0.8896
Leghorn Guasticce 0.8837 0.8299
Lugo 0.3023 0.4130
Maddaloni Marcianise 0.3265 0.4041
Marcianise 0.2211 0.3873
Melzo 0.9412 0.8797
Milan Certosa 0.5223 0.6443
Milan Segrate 0.5689 0.6748
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Milan Smistamento 0.7347 0.7852
Mortara 0.3829 0.4778
Nola 0.4985 0.5863
Novara 0.9122 0.8510
Padua 0.8201 0.7831
Padua Scalo 0.6565 0.7694
Palermo Brancaccio 0.1863 0.4020
Parma/Castelguelfo 0.8327 0.8129
Pescara Porta Nuova 0.6403 0.8038
Piacenza 0.3341 0.4089
Pomezia-S. Palomba 0.8035 0.8121
Rho 0.8172 0.8036
Rivalta Scrivia 0.8321 0.7946
Rome Smistamento 0.5166 0.6802
Torino Orbassano 0.5513 0.6764
Trento 0.6550 0.7094
Verona 0.7894 0.7728

All the models suggest the existence of negatiglrtieal change over time. The time varying
models confirm that technical efficiency has desegbover time, in fact tecoefficient in
Model 3 is significantly negative.

The rankings in Table 5 for time invariant modetsl én Table 6 for the time-varying models
highlight the significant degree of efficiency o7 of the rail terminals of Northern Italy,
particularly specialized in cross-frontier railffra in the Alps, more especially with Central
Europe (Germany, Austria, Switzerland and Frantkeg Novara, Parma, Padua and Verona
interports, set alongside the main lines of transspean traffic which cross the Po Valley,
perform a role of the highest order within the kdtalance of goods traffic passing between
Northern Italy and the rest of Europe. Melzo, RBa|larate and Busto Arsizio intermodal
terminals not inside an interport structure achiaveery good level of efficiency. Leghorn
and Rivalta intermodal terminals benefit from tharitime traffic of the Leghorn and Genoa
ports. The only terminals included in this rangeefiiciency belonging to Central-Southern
Italy are Pomezia and Bari. The terminals of Lame#d Gela achieve a very high level of
productivity because of their small dimensions #r&lfew input resources used.

The negative pattern in technical efficiency migktdue to the quasi-fixed nature of inputs
related to the given installed capacity; a sigaifity high decrease in traffic in the years
2009-2010 might have determined for many termimakstuation of overcapacity which is
captured in the applied models by a lower techneffitiency and its decay over time.
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Generally, the results show that there is a gretdntial for efficiency improvements of over
50% among terminals, even though the rail cargdetan Italy has declined in recent years.

6.1 Time- varying Technical Efficiency

Figure 1 shows the Kernel density distribution lné technical efficiency estimates for the
models Stevenson (80), B&C (92) and B&C (95), agdre 2 shows the first quartile, mean
and third quartile scores per year for the sameeatsodin particular, Battese and Coelli (95)
and Stevenson (80) show the same empirical disioiuwhile in Battese and Coelli (92) it is
different. The technical efficiency of model B&C2Qis decreasing (see negativg, while
the model B&C (95) and Stevenson(80) show the stered. Moreover, the spread of
efficiency scores (inter-quartile range) is widesB&C 92.

Model Battese&Coelli (92) Model Battese&Coelli (95)
~N o ™ o
w ]
o~
2 2
2 i a
8 8
—
o
o o
0 2 4 6 8 1 0 2 8 1

3 d 4 .6
Technical efficiency Technical efficiency
kernel = epanechnikov, bandwidth = 0.0727 kernel = epanechnikov, bandwidth = 0.0566

Model Stevenson (80)

Density

T T T T T T
0 2 4 .. .6 .8 1
Tecnical Efficiency
kernel = epanechnikov, bandwidth = 0.0578

Figure 1 - Technical efficiency distribution of galmrail terminals for B&C (92), B&C(95)
and Stevenson (80) models
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Figure 2 - The first quartile, mean and third qubetvalues of technical efficiency of sample
rail terminals for B&C (92), B&C(95) and Stevens@®) models

7. Conclusions

Italian rail-road intermodal transport is founded @ model that is diversified through the
regions. In some cases the regions have followeadh#tional policy based on the “interport”
model promoted through the legislation which preddoublic contributions (Law 240/90),
whereas in other regions there has been a greatetaphment of “single” model of public or

private property rail terminals.

This study focuses on productivity and efficienoya sample of 34 Italian intermodal rail
terminals observed over the period 2007-2011 utdizn original panel dataset built by the
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authors on several sources. The sample is repagsenbf national intermodal rail-road and
sea-rail traffic since it considers all the maialiin rail terminals. Eight different stochastic
frontier models have been estimated assuming a-Oobiglas production function where the
annual rail productivity index (RPI) of the termisas assumed to be obtained by combining
four inputs: labour, terminal area, market powed dne localisation context. Particularly
attention was paid to analysis of technologicalnggain production output and technical
efficiency levels over time, applying the most wseénd suitable econometric models
existing in literature.

Panel data frontier model estimation has been widekd to estimate technical efficiency.
Yet the technical efficiency measures may be diestiolty specification error. Our concern
was not to rank the different models by some c¢ateof suitability of statistical reliability.
Rather we sought to demonstrate the range of magaitable and differences between them
in the assessment of efficiency. The variabilitytieé results from same different models
clearly demonstrates the difficulty in choosing afmodel. No model can be held to be
‘correct’, and the efficiencies will always be a#tiof unobserved or modeled effect. For the
future, model choice in empirical research showth® based on ‘standard practice’, but on a
reasoned choice. A good start point for decidingctvhestimator should be utilized is the
quality of data and the choice of variables.

The results achieved by the application of stochdintier models confirm the high rates of
inefficiency which characterize many ltalian rarminals, the average level of efficiency
differs markedly among the various Italian regiaml it is higher considering the time-
varying models. The intermodal rail function hastified the majority of the investments
made in this sector with regard to the greaterrenmental sustainability of rail transport,
and the results obtained seem to reinforce eveheuthe decisive condition of competitive
advantage given by localization which serves irdebasins of terrestrial exchange along the
main lines of trans-European traffic.

Most of the rail terminals that are large in pratlut scale are more likely to be associated
with higher production quantitative scores but mbways with higher productivity and
efficiency scores.

Estimated models show a negative technological gdaver the period 2007-2011, as well
as negative efficiency growth considering the seviafl in demand in the years 2009 and
2010. The negative pattern of efficiency over thegle period might be due to the as yet
unclear evidence of the crisis in terms of suppBbction.

Research analyses regarding productivity and tpaaty of Italian intermodal terminals to
contribute towards improvement in the disequilibsibich characterize the Italian transport
system should regard the possibilities of recoggeificiency based on greater functional
continuity with the nodal sources of internatiotraffic, such as ports and cross-border traffic
nodes along the Trans-European transport corridors.
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