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Abstract
Purpose This paper aims at benchmarking, measuring and
identifying major determinants of the technical efficiency of
container seaports in the region of South-Eastern Europe,
including the Italian ports which directly affect competition
in the wider region of East Mediterranean Sea.
Methods The study employs both non-parametric (standard
and super-efficiency DEA) models and bootstrapped para-
metric techniques to provide a more holistic approach and
useful insight into the given problem.
Results and conclusions The results indicate the relatively
low (below 50 %) average total technical efficiency of the
container ports in the study region, which can be attributed
to both the lack of managerial skills and scale effects. The
findings can help to determine sources of port inefficiency
by geographical location and size and adopt best practices to
improve the operational performance of container ports.

Keywords Container ports . Efficiency management . Data
envelopment analysis . Benchmarking . South-Eastern Europe

1 Introduction

The past 15 years have been a period of great and rapid
changes in the political regime and economic status of the

countries of South-Eastern Europe (SEE). Amongst others,
several changes have been observed in the transport sector,
which concern both the amount of and the way cargo is
shipped. These changes have explicitly affected the opera-
tional structure of seaports and shipping industries. After a
long period of underdevelopment, the port industry in the
region nowadays constitutes a sector with favourable pros-
pects for boosting economic growth [31]. Ports are considered
as critical nodes of international trade networks and economic
co-operation, bearing the largest share of the total imported
and exported cargo volumes.

These exceptional prospects have resulted in the growth
of competition between ports in the region. There are two
facts which mainly contribute to competitive conditions:
the continuous increase of the total cargo transferred and
the spread of transhipment container flows. Many port
authorities have realized the opportunities arisen from con-
tainer transport operations, because of the resulting high
added value, and they have gradually carried out invest-
ment plans to facilitate container transfers. These invest-
ments increased the volume of container flows in many
ports and brought about remarkable changes in the hierar-
chical position of ports, in terms of the volume of contain-
ers handled [40].

The competitive environment in which seaports operate
tends to become even more complicated, as the private
sector plays an increasingly dominant role in their develop-
ment [1]. This changing competitive environment has par-
ticularly affected the Mediterranean ports. The global
enterprises, such as world carriers and terminal operators,
show a great interest to control, via the ports, the market of
SEE and East Mediterranean region. The container transport
network becomes steadily more dispersed across the region,
taking into account the different interests and strategies of
the main trade partners. Seaports constitute a sub-system in
the global logistics chain and some of them may gradually

S. Niavis
Department of Civil Engineering, University of Thessaly,
Pedion Areos,
38334 Volos, Greece
e-mail: niavisspiros@gmail.com

T. Tsekeris (*)
Centre of Planning and Economic Research (KEPE),
11 Amerikis,
10672 Athens, Greece
e-mail: tsek@kepe.gr

Eur. Transp. Res. Rev. (2012) 4:235–244
DOI 10.1007/s12544-012-0080-y



lose their bargaining power vis-à-vis their clients, whose
choices mostly rely on decreasing generalized transport
cost. Operational (or technical) efficiency and adaptability
to the globalized supply chain networks and the new com-
petition environment are key components for the success
and survival of each port [22,31,35].

The present study primarily aims at the operational
performance benchmarking of the container ports of
SEE, including those of Italy, since they are directly
influencing port competition in the wider region. In the
first stage, both the technical efficiency and scale econo-
mies are analyzed through the use of Data Envelopment
Analysis (DEA) methods. In the next (second) stage, a
bootstrapped truncated regression methodology is adopted
to determine the impact which various factors, beyond the
control of port authorities, have on the efficiency and,
subsequently, the competitive position of ports. In this
way, the proposed approach uniquely addresses potential
problems of small-sample bias typically met in standard
parametric estimates and consistently supports manage-
ment decisions of port operators regarding the internal
and external operational environment and their competi-
tive strategy. The study is organized as follows: Section 2
provides a comprehensive review of modeling issues and
methodologies related to seaport efficiency analysis and
Section 3 presents the proposed methodology. Section 4
describes the model variables and Section 5 reports the
results of the DEA models and explains the role of key
determinants of port efficiency. Section 6 summarizes and
concludes, including some insights for the further devel-
opment of the regional port system.

2 Literature review

The measurement and evaluation of seaport operational
efficiency and competitiveness is of important academic
interest, as reflects the increasing amount of international
literature in this field from various perspectives. A group of
studies has examined the competitiveness of seaports by
estimating the attractiveness they have on their users. In this
category, the factors which influence the attractivity of ports
and choices of carriers are investigated by employing such
techniques as multinomial logistic regression [28,46,51,55],
analytic hierarchy process (AHP) [44,54], factor analysis
[42], principal component analysis [50] and extended survey
analyses [32].

On the other hand, a significant amount of research has
concentrated on the effectiveness and efficiency of seaports
as basic components of their competitiveness. These studies
make use of such techniques as multiple regression [48],
AHP [27] and productivity measures [2,23,45]. Besides,
another group of studies incorporates techniques from the

analysis of questionnaires to measure the ports’ business
performance [33,36].

Moreover, great emphasis has been given to the measure-
ment of the technical (operational) efficiency of seaports.
This measurement is carried out by applying techniques for
the analysis of production frontiers; they are distinguished
into non-parametric methodologies, mostly the DEA, and
parametric ones, typically the stochastic frontier analysis
(SFA). Both DEA and SFA can be regarded as the most
widely used approaches for the performance measurement
of seaports, as they encompass the concept of benchmarking
[14]. Hence, they constitute a powerful management tool for
each seaport authority, since they help to identify and
interpret its weaknesses and strengths in relation to its
direct competitors.

These two methodologies are based on different assump-
tions concerning their application. DEA focuses on the
comparison of the technical efficiency of a number of
Decision Making Units (DMUs). It involves the solution
of a series of linear programming problems, in which
both the inputs and outputs of the production process
are employed to calculate the relative efficiency of each
DMU. The methodology was first suggested by Farrell
[18] and it was then extended by Charnes et al. [7] and
Banker et al. [3]. The two basic DEA models refer to
the DEA-CCR model, which assumes constant returns
to scale (CRS), and the DEA-BCC model, which
assumes variable returns to scale (VRS).

Roll and Hayuth [41] first adopted the DEA-CCR model
to evaluate the efficiency of ports, using a hypothetical
sample of 20 DMUs. Several studies have afterwards been
carried out by adopting either the CCR model [49] or the
BCC model [29], or by using both of the two models
[4,5,15,24,39,56,58].

Furthermore, there are numerous studies of port efficien-
cy which have suggested various theoretical extensions of
the two basic DEA models. More specifically, Tongzon [49]
adopted the Super-Efficiency DEA model to allow the re-
ranking of the efficient ports. Park and De [38] adopted the
four-stage DEA model, which is used in order to evaluate
the productivity, profitability, marketability and, finally, the
overall efficiency of each port. Lee et al. [25] employed the
recursive DEA (or RDEA) model, which constitutes a multi-
stage DEA model. Many researchers have implemented a
window-based DEA, which examines the technical efficiency
of ports in concrete intervals of time [13,16,30]. Additionally,
Hung et al. [21] used the bootstrapped DEA method in order
to reduce the statistical noise (mainly, due to sampling bias) of
the basic DEA models. Other studies which include the DEA
as a tool for benchmarking ports are critically reviewed by
Panayides et al. [37].

SFA methodology is based on specific production func-
tions and, hence, it incorporates the basic principles of
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production economic theory. It adapts econometric techni-
ques for the efficiency estimation to determine a production
frontier. The specific methodology attributes the deviation
from the frontier to the loss of efficiency in the production
process and to the randomness or statistical noise [15]. This
methodology was first implemented for the measurement of
port efficiency by Liu [26], using data from 28 British ports.
Quite a few other studies employed SFA to estimate through
production frontiers the technical efficiency of ports
[11,12,17,34,50,57]. Amongst them, Notteboom et al. [34]
and Yan et al. [57] used Bayesian theory to produce more
statistically consistent estimates. Coto-Millan et al. [10] and
Barros [6] adopted the SFA for the econometric estimation
of the cost frontiers of seaports. Trujillo and Tovar [52] and
Gonzalez and Trujillo [20] focused on the estimation of
efficiency using SFA with a translog distance function.

The two categories of methodologies display specific
strengths and weaknesses. The basic strength of DEA is its
simplicity, as it constitutes a non-parametric analysis, which
is independent from assumptions on production functional
form and error distribution. However, this simplicity comes
with the cost of generating results which lack statistical
properties. Additionally, SFA estimations encompass statis-
tical properties, as SFA adapts econometric techniques for
the efficiency estimation. The main disadvantage of SFA
methodology arises from the fact that, as an econometric
approach, it comes up with strong a priori assumptions
about the production technology of seaports, since the true
production technology is unknown.

Taking into account the strengths and limitations of the
two methodologies, the choice between them relies on the
specific characteristics of the problem at hand. In the present
study, the DEA methodology will be adapted in order to
measure the efficiency of SEE ports. The choice of DEA is
primarily based on the small number of ports which consti-
tute the sample. The solution of econometric models with
such a small number of observations may turn out to be
inefficient and unstable, because of the problem of limited
degrees of freedom which typically arises.

In addition to estimating the container port efficiency, the
present study will investigate the main factors which influ-
ence it. These factors lay beyond the control of port authorities
and can indirectly affect the performance of each port. The
sole study employing DEA to measure port efficiency taking
into account these specific factors is that of Turner et al. [53],
which focuses on the productivity of North American ports. In
comparison to that study, the present one employs several
extensions to both the measurement of efficiency scores
(using the Super-Efficiency DEAmodel) and the identification
of their main determinants (using a bootstrapped truncated
regression method) in order to yield more efficient and accu-
rate results. The proposed methodology and formulation of the
models are described in Section 3.

3 Methodology for two-stage efficiency analysis

This section first describes the formulation of the DEA
models as implemented here for the measurement of con-
tainer port efficiency. Let us assume that there are n DMUs
to be analyzed, each of which uses m inputs to produce s
outputs. Also assume that xij>0 is the amount of input i
used by the DMU j and yrj>0 is the amount of output r
produced by that DMU. In this study, it is hypothesized
that the objective is to produce a given output using a
minimum of inputs; hence, an input-oriented model is
considered as more suitable than an output-oriented model.
The DMUs are port authorities, which may have complete
control over the outputs, provided that the carriers are the
agents selling container storage space and transporting
containers. The input-oriented DEA-CCR model can be
described as:

θ* ¼ min θ

s:t:
Pn
j¼1

xijlj � θxio i ¼ 1; 2; . . . ;mPn
j¼1

yrjlj � yro r ¼ 1; 2; . . . ; s

lj � 0 j ¼ 1; 2; . . . ; n

ð1Þ

where

yro,
xio

the rth output and ith input for a DMU o under
evaluation

λj the decision variables which represent the weights
DMU j would place on DMU o in constructing its
efficient reference set, and

θ* the relative technical efficiency of DMU o.

The variable θ* can receive either the unit value, which
renders a unit relatively efficient, or a value lower than unity
(<1), which renders the unit relatively inefficient. The DEA-
BCC model results from adding the convexity conditionPn
j¼1

lj ¼ 1 to the constraints of the DEA-CCR model (1).

In addition to the DEA-CCR and DEA-BCC models, the
Super-Efficiency DEA model is employed for the perfor-
mance measurement of container ports. The efficiency
scores from the latter model are obtained through eliminat-
ing the data of the DMU that is being evaluated from the
solution set. The scores of the inefficient DMUs remain the
same with those resulted from the two basic DEA models.
The difference is that the efficient DMUs are differentiated
among each other by presenting distinct scores above unity.
The Super-Efficiency DEA model can be regarded here as
more preferable than the basic DEA models. This is because
it can disentangle the most efficient ports (those with both
CRS and VRS efficiency scores equal to one); hence, its
results can be used in an easier and more plausible way (they
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are only lower-limit constrained to zero) in the econometric
analysis of determinants that follows in the second stage
(see Section 5). When a DMU performs a score above unity,
then this unit is called Super-Efficient. The basic DEA-CCR
(or CRS) Super-Efficiency model can be described as fol-
lows:

min θsup er

s:t:
Pn
j¼1
j 6¼o

xijlj � θsup erxio i ¼ 1; 2; . . . ;m

Pn
j¼1
j 6¼o

yrjlj � yro r ¼ 1; 2; . . . ; s

lj � 0 j 6¼ o

ð2Þ

The DEA-BCC (or VRS) Super-Efficient model results

from adding the constraint
Pn
j¼1

j6¼olj ¼ 1 to the constraints of

model (2) [9].
Following the DEA-based performance measurement of

each container port (first stage), the present paper aims at
assessing the effect of several determinants (explanatory
variables) of technical efficiency (second stage). The use
of the Super-Efficiency DEA scores facilitates the identifi-
cation of the role of its determinants (environmental factors)
at the latter stage. This is because it allows disentangling
their influence on the most efficient ports which may take
values beyond unity, as in the case of SEE ports (see
Section 5), and it circumvents the problem of imposing
upper-bound (unity) constraints, compared to the case of
adopting the standard DEA results.

Furthermore, the DEA-CCR Super-Efficiency scores
θsuper are used as the dependent variable at this stage of
analysis, since they express the total technical efficiency
(both the pure technical efficiency and scale effects) of
container ports j01,…, n. By using some regression model,
the effect of each determinant k01,…, K on θsuper scores is
identified. In a generalized form (omitting the constant
term), this model can be formulated as follows:

θsup erj ¼
XK
k¼1

bkxkj þ "j; ð3Þ

where βk denotes the coefficient corresponding to the kth
determinant and εj is an independent and identically distrib-
uted random error term. Since the efficiency scores θsuper are
constrained to the minimum value of zero, the Tobit regres-
sion technique [47] is typically implemented to solve Eq.
(3), in order to address the censorship bias which may result
from the use of Ordinary Least-Squares (OLS) method. The
Tobit model represents the potential (expected) value of the

dependent variable θsuper as a latent variable, bθsup er , which

can only be partially observed within the feasible range of
efficiency scores (≥0), as follows:

bθsup erj ¼ PK
k¼1

bkxkj þ "j

θsup erj ¼ 0; if bθsup erj � 0bθsup erj ; if bθsup erj > 0

( ð4Þ

The Tobit Regression was adapted in the study of Turner
et al. [53] in order to estimate the effect of several factors on
the efficiency of the North American ports. However, model
(4) relies on (censoring) assumptions which are not consis-
tent with the true data generation process, yielding inaccu-
rate estimates of the standard error of parameters. This is
because efficiency scores constitute point estimates without
statistical distribution, as it is required by Tobit (or other
parametric regression) techniques, and they may be corre-
lated with explanatory variables. In order to improve the
accuracy of results, Simar and Wilson [43] suggested the use
of truncated regression with parametric bootstrapping,
which can produce more consistent and efficient model
coefficients. Specifically, the distribution of the error term
"j � N 0;σ2

"

� �
is assumed to be uniformly truncated with

zero mean (before truncation) and unknown variance σ2
", so

that ensure the negative-value constraint of the dependent
variable. Both the Tobit and truncated regression models are
solved here by using the maximum likelihood method and
iterative parametric bootstrap simulation techniques.

4 Description of the model variables

The present study includes 30 seaports in the wider region
of SEE, with total annual container volume over 20000
TEUs. These container ports encompass Odessa (Ukraine),
Constantza (Romania), Varna and Burgas (Bulgaria),
Ambarli, Haydarpasa, Diliskelesi, Gemlik, Tekirdag and
Izmir (Turkey), Piraeus, Volos and Salonica (Greece),
Durres (Albania), Bar (Montenegro), Ploce and Rijeka
(Croatia) and Koper (Slovenia). The Italian ports
(Trieste, Venice, Ravenna, Savona, Genoa, La Spezia,
Leghorn, Naples, Salerno, Taranto, Gioia Tauro and
Palermo) are also included in the sample because they
are directly competitive to the container ports of SEE.
Figure 1 illustrates the geographical position of all the
container ports included in the study.

Based on the availability of data and on other (production
function) model specifications employed in similar studies
in the literature [37], the current DEA models include three
(3) inputs: number of berths, length of quays and number of
cranes used by each port for container handling, and one (1)
output: total throughput, in terms of TEUs, for the year
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2008. The data were collected from the Containerisation
International Yearbook (CIY) [8] and, in a few cases, from
the website of port authorities. The chosen input and output
variables can be plausibly assumed that adequately represent
the production function of container seaports.

The determinants of efficiency refer to factors related to
the direct and indirect operational environment of ports. The
direct operational environment of ports is described with
two variables. The first variable refers to the size of ports
and is measured by their total area (km²), to capture the size
effects on port efficiency. The second variable refers to their
regulatory status and is described within a dummy variable.
It takes the value 0 if the operation of container handling is
under the control of a public or local authority, and the value
1 if a global (private-sector) terminal operator is involved in
the container handling operation. The indirect environment
of port operation is described with 3 variables. The first
variable refers to the distance of each port from Suez, which
denotes the relative importance of geographical position in
the region. The second variable refers to the economic status
of the territory in which the port is located, as expressed by
the measure of per-capita Gross Domestic Product (GDP).
Finally, the third variable of the indirect environment is the
population of the area at the hinterland of each port. Table 1
presents the descriptive statistics of the input and output
variables as well as of the environmental variables of the
DEA models.

5 Results of two-stage efficiency analysis

This section presents and analyzes the results of the two-
stage efficiency analysis of SEE ports. In the first stage, the
results of the DEA models used for the performance mea-
surement of container ports under study are analyzed. In the
second stage, the results of the regression of explanatory
variables on the port efficiency scores are presented. Table 2
indicates the CRS, VRS and CRS Super-Efficiency scores
and some descriptive statistics. The CRS efficiency scores
measure the overall technical efficiency, encompassing the
pure technical and scale efficiencies, whereas the VRS effi-
ciency scores measure the pure technical efficiency only,
which reflects the managerial skills of port operators.

The ratio of the overall technical efficiency (CRS) score to
pure technical efficiency (VRS) score yields the measure of
scale efficiency. Gioia Tauro and Izmir are found to be com-
pletely efficient, namely, both their CRS and VRS efficiency
scores are equal to unity. Nonetheless, based on the CRS
Super-Efficiency scores, the port of Gioia Tauro is the most
efficient one (1.803), compared to the port of Izmir (1.376). In
addition, Venice, Bar, Ploce and Durres are found to have
VRS efficiency score equal to unity, which implies that they
operate optimally in terms of pure technical efficiency (or they
optimally manage their existing resources), but the deficit in
scale efficiency (<1) results in a loss of total technical effi-
ciency (CRS efficiency score <1).

Fig. 1 Geographical illustration of the container ports in South-Eastern Europe
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All the other container ports are found to be relatively
inefficient, in terms of both pure technical and scale effi-
ciency. On average, the total technical efficiency of the ports

in the whole region can be considered as relatively low
(42 %, in terms of the CRS efficiency scores, and 46 %, in
terms of the CRS Super-Efficiency scores). The average

Table 1 Descriptive statistics of the inputs and outputs and explanatory variables

Inputs Output Explanatory variables

Berths Length
(m)

Cranes Volume
TEUs

Area
(km2)

Population
(in 000 s)

GDP per capita
(€ 000 s)

Distance from Suez
(km)

Mean 6.33 1549.8 11.0 586078.6 508.6 1385.2 0.150 518.1

Median 4 1074 7 335972 235 206.6 0.028 503.3

Std. Dev. 5.66 1527.8 9.7 769517.3 821.3 2871.6 0.261 126.1

Min. 1 265 1 21814 38 6.5 .0005 303.5

Max. 25 7720 35 3467772 4485.3 11372.6 0.9777 720.5

Table 2 Presentation of the
container port efficiency scores
(in descending order of CRS
Super-Efficiency scores)

Port CRS VRS Scale efficiency CRS super -efficiency

Gioia Tauro 1.000 1.000 1.000 1.803

Izmir 1.000 1.000 1.000 1.376

Taranto 0.838 0.945 0.887 0.838

Constantza 0.697 0.753 0.925 0.697

Trieste 0.688 0.955 0.720 0.688

Venice 0.676 1.000 0.676 0.676

Odessa 0.663 0.884 0.750 0.663

Naples 0.663 0.825 0.803 0.663

La Spezia 0.597 0.660 0.905 0.597

Koper 0.561 0.887 0.633 0.561

Ambarli 0.534 0.542 0.985 0.534

Salerno 0.419 0.645 0.650 0.419

Gemlik 0.399 0.631 0.632 0.399

Haydarpasa 0.392 0.575 0.681 0.392

Salonica 0.379 0.719 0.527 0.379

Genoa 0.340 0.351 0.968 0.340

Ravenna 0.340 0.512 0.664 0.340

Leghorn 0.318 0.369 0.863 0.318

Bar 0.277 1.000 0.277 0.277

Rijeka 0.268 0.545 0.491 0.268

Varna 0.263 0.658 0.399 0.263

Ploce 0.223 1.000 0.223 0.223

Durres 0.208 1.000 0.208 0.208

Diliskelesi 0.201 0.461 0.436 0.201

Savona 0.191 0.325 0.588 0.191

Piraeus 0.183 0.229 0.800 0.183

Burgas 0.078 0.343 0.228 0.078

Volos 0.069 0.500 0.138 0.069

Tekirdag 0.030 0.235 0.130 0.030

Palermo 0.021 0.191 0.112 0.021

Average 0.417 0.658 0.610 0.457

Std Dev. 0.271 0.269 0.287 0.382
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DEA-BCC (under VRS) and scale efficiency scores are
found to be relatively higher (66 % and 61 %, respectively)
than the average DEA-CCR and CCR Super-Efficiency
(under CRS). The above findings indicate that both the lack
of managerial skills and scale diseconomies are important
sources of inefficiency for the most of the container ports in
the study region.

The relative role of pure technical (managerial) ineffi-
ciency and scale effects on the total technical efficiency of
container ports can be more easily explained through the
graphical illustration of the corresponding CRS and VRS
scores as data (on the y-axis and x-axis, respectively) pairs
on a two-dimensional graph (see Fig. 2). This graph is
divided into four regions, according to a line vertical to the
x-axis which denotes the average VRS score (0.658) and a
line representing the average scale efficiency (0.61), that is,
CRS Efficiency 0 0.61*VRS Efficiency. The ports located at
the upper-right part of the graph have both high pure tech-
nical (VRS) and scale efficiency scores, which implies that
they can well exploit their facilities and serve a large amount
of containers (TEUs). The ports located at the lower-right
part of the graph have high pure technical efficiency but
relatively low (compared to the average value) scale effi-
ciency. Although these ports well manage their facilities,
they are subject to scale effects as they are not able to
adequately accommodate the volume of containers arrived
at them. The ports located at the upper-left part of the graph
have relatively low pure technical efficiency but relatively
high scale efficiency. These ports accommodate a large
number of containers with limited performance, as they do
not efficiently manage their resources. The ports located at
the lower-left part of the graph have both relatively low pure
technical efficiency and scale efficiency. Namely, these
ports serve low TEU traffic with inefficient use of their
facilities. Thus, they need to improve their competitive
position by attracting more containers as well as better
managing their resources.

Figure 3 illustrates the variations of VRS and CRS Super-
Efficiency scores of container ports by geographical loca-
tion. The effect of the location of ports is investigated in

terms of three geographical groups: Italy, Turkey and Balkans
(Greece, Albania, Montenegro, Croatia, Slovenia, Bulgaria
and Romania), including Odessa (Ukraine). On average, the
ports of Italy are found to have higher total technical efficien-
cy (0.575) than those of Turkey (0.489) and Balkans (0.323).
Nonetheless, the ports of Balkans have, on average, higher
pure technical efficiency (0.710) than those of Italy (0.648)
and Turkey (0.574). These findings stress the important pos-
itive role of scale economies on the efficiency of Italian
container ports and on their competitiveness in the sea trade
market of the region. As it can be also observed in Fig. 2, the
ports of Palermo and Savona are the only Italian ports which
are located at the lower part of the graph. On the other side, as
far as the Balkan area is concerned, only the ports of Piraeus
(Greece) and Constantza (Romania) as well as Odessa
(Ukraine) are located at the upper part of the graph, namely,
they have scale efficiency above the average level in the
region. Except of the port of Rijeka (Croatia), the Greek
(Piraeus, Volos and Salonica) and Bulgarian (Varna
and Burgas) ports are the only Balkan ports located at
the left part of the graph, which implies that they
adversely influence the average pure technical efficiency
of the other Balkan ports.

Furthermore, some hypotheses can be tested in relation to
the efficiency rankings of the container ports in the region.
The two hypotheses stated here are: (i) Large container
ports, in terms of the TEUs serviced, are more efficient than
small container ports, and (ii) Italian container ports are
systematically more efficient than the other container ports
in the SEE region. The Mann–Whitney U-test, which tests
for the existence of systematic differences between the
efficiency scores, is adopted. This test is considered as
suitable for the non-parametric statistical analysis of DEA
results [19], because the efficiency scores do not typically
follow a standard normal distribution. The CRS Super-
Efficiency scores are chosen for the analysis, because they
capture the total technical efficiency and adequately
discriminate the efficient DMUs. Regarding the first
hypothesis, the whole sample of ports is divided into
two subsamples, based on the TEUs. The statistic value
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z0−3.463 with Prob > |z|00.0005 demonstrates, as
expected, that the larger ports are significantly more
efficient because of economies of scale. In other words,
the size of operations and technical efficiency of ports
are systematically positively related to each other. Re-
garding the second hypothesis, the subsample of the
twelve Italian container ports is compared to a subsam-
ple comprising the twelve most efficient SEE container
ports. The statistic value z0−0.462 with Prob > |z|0
0.6442 indicates that there is no systematic difference
in the efficiency between the Italian and the other SEE
container ports. This outcome may be explained by the
different natures and characteristics pertaining to the
ports within each subsample and the fact that the com-
petitive advantage of Italian ports, in terms of their
increased scale efficiency, is somewhat compensated by
the relatively higher pure technical efficiency of the
other SEE ports.

Table 3 indicates the results of the econometric models
used to determine the influence of each explanatory variable
on container port efficiency. The two models, i.e., Tobit and
truncated regression, yield coefficients of the same sign
(with the exception of population variable whose influence
is found to be statistically insignificant). However, the latter
model is found to perform better, as reflects the statistical
significance of parameter estimates. More specifically,
based on the results of bootstrapped truncated regression,
the port area variable is found to have a statistically signif-
icant positive effect on port efficiency. Namely, larger ports

tend to operate more efficiently than smaller ports. This
finding is consistent with that of other studies in the litera-
ture [50,53], which have shown a clear positive relationship
between the size and efficiency of ports.

The effect of the control of container handling operations
by a global terminal operator is also found to be positive and
statistically significant. This result denotes that the privat-
ization of port operations, when it is combined with the
involvement of a globalized partner, is associated with im-
proved port efficiency. Other studies which have also dem-
onstrated the positive impact of privatization on the port
efficiency are those of Cullinane et al. [11], Estache et al.
[17], Cullinane and Song [12] and Tongzon and Heng [50].

Moreover, the variable of the distance from Suez has a
statistically significant negative impact on port efficiency.
This result is plausible, since the ports with preferential
placement near the international sea trade corridors
passing from Suez are rendered more attractive for the
world carriers in their effort to save time, than the more
distant ports. These ports usually show an increased
specialization in container handling and, hence, they
tend to manage containers more efficiently. Finally, the
impact of per-capita GDP, as well as that of population,
on the efficiency of container ports is found to be
statistically insignificant.

6 Conclusions

Container seaports constitute a key element for increasing
trade and economic growth rate of countries in the wider
SEE region. The improvement of technical efficiency is
critical for facilitating the role of ports as drivers of eco-
nomic success in the modern competitive environment. By
concentrating on the technical efficiency analysis of SEE
container seaports, this paper employed a non-parametric
(DEA) methodology and a bootstrapped parametric tech-
nique to address possible problems of biased estimates due
to the small sample size and limited degrees of freedom. In
contrast with the existing research in the field, the proposed
two-stage procedure can benchmark and disentangle the
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Fig. 3 Average efficiency of container ports by geographical location

Table 3 Results of the econo-
metric analysis of determinants
of port efficiency

Variable Tobit regression Bootstrap truncated regression

Coefficient Prob > |z| Coefficient Prob > |z|

Port area (km2 in logarithm) 0.146 0.127 0.211 0.040

Population (in 000s in logarithm) 0.030 0.969 −0.043 0.622

Per-capita GDP (in 000 Euros) 0.607 0.133 0.751 0.473

Distance from Suez (in km) −0.001 0.087 −0.002 0.030

Private 0.257 0.129 0.467 0.040

Sigma 0.273 0.048 0.349 0.000
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most efficient ports and, then, it can consistently allow the
identification of key determinants of port efficiency. This
approach can be considered as integrated: it helps the con-
tainer port operators to realize both their weaknesses in
relation to direct competitors and how the internal and
external operational environment affects the efficiency of
their production process.

The results signify the existence of inefficiency pertain-
ing to the management of container ports in the region, since
the total technical efficiency is found to be below 50 % on
average. The Balkan ports generally show the lowest levels
of technical efficiency. This relatively limited operating
performance of SEE container ports indicates the need for
appropriate capital investments for the efficient processing
of TEUs. In particular, those ports whose efficiency is not
favored by such factors as size, geographical position and
socio-economic conditions of the region wherein they are
located, must adopt suitable reform strategies to promptly
improve their production process and competitive position.
These strategies should aim at modernizing/upgrading the
port facilities and mechanical equipment, enhancing their
accessibility/connection with hinterland areas and the train-
ing of employees, adopting best practices and implementing
training and know-how transfer from other port authorities.

New funding sources for these strategies can be obtained
through effective regulatory reforms and private concession
schemes with global terminal operators for selected termi-
nals. The penetration of private-sector companies in the
management of container port facilities is growing world-
wide and existing evidence has demonstrated the positive
role of such schemes in the efficiency and development of
relevant port operations. The ongoing privatization trends
are expected to boost the overall efficiency of container
ports, provided that their operations will be fully interna-
tionalized and will actively participate in world-wide logis-
tics networks.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution License which permits any use, distribution
and reproduction in any medium, provided the original author(s) and
source are credited.
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