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The aim of this paper is to examine the efficiency of 37 Mediterranean seaports between 2005 and 2017
using the Data Envelopment Analysis (DEA) method. The results from two DEA models, DEA-BCC
and DEA-CCR, indicate that ports like Genoa, Cagliari, Valencia, Tarragona, Port Said, Alexandria,
and Tripoli demonstrate the highest efficiency scores. In contrast, Barcelona, Livorno, Arzew, Thessa-
loniki, and Latakia consistently exhibit inefficiency throughout the analysis period. The inefficiency in
Mediterranean ports is attributed to overcapacity and trade fluctuations.
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1. Introduction.

Maritime transport is a handling method that transports goods
in large quantities over long distances, for small batches and
short distances. A container terminal is divided into two main
areas, each characterized by its own handling operations and
equipment. Indeed, ships are loaded/unloaded by quay cranes.
Meanwhile, the yard crane requires its own equipment, and an-
other transport equipment ensures the connection between these
two areas. To improve the efficiency of port operations, it is
essential to identify and solve several optimization problems
such as truck transport route planning, yard crane operations
planning, quay crane operations planning, and container allo-
cation in customs storage warehouses. In a container terminal,
containers are stored in multiple levels called tiers. The po-
sition of a container in the yard is characterized by a specific
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address formed by block, bay, row, and tier. The maximum
number of tiers depends on the handling equipment available
in the terminal (Steenken et al., 2004). Moreover, according
to the work of Chen and Langevin (2011), containers that are
exported, loaded onto trucks, and structured on the quay are
distributed and stored in a storage area. After a period, the con-
tainers are removed with yard cranes and transported by yard
trucks to the retrieval quays using quay cranes and loaded onto
ships.

Through the use of a container terminal system, several
researchers have succeeded in improving the performance of
ports and contributing to the reduction of congestion by plan-
ning, monitoring, and executing the movement of containers
from one truck to another, from a truck to a boat, and from a
boat to a truck (Hervás et al., 2019).

This work addresses a significant real-world problem re-
lated to the efficiency of major Mediterranean ports, based on
the DEA method.

This work consists of 6 sections. In the second section, we
provide a literature review on port performance. In the third
section, we describe the DEA method. In the fourth section, we
present the variables of efficiency for Mediterranean ports, then
in the fifth section, we interpret the results obtained through
the DEA method. Finally, in the sixth section, we provide a
conclusion.
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2. Literature Review: Port Performance.

The performance of ports is a crucial determinant for eval-
uating their competitiveness. Measuring port performance is a
vital exercise in strengthening its competitiveness, providing a
benchmark against which the port can be assessed in compari-
son to others.

Roll and Hayuth (1993) likely represented the first work
to promote the application of the Data Envelopment Analysis
(DEA) technique to the context of ports. However, their work
remains purely theoretical, rather than a practical application.
After this initial exploratory study, only six years later, another
document was published. Martinez-Budria et al. (1999) classi-
fied 26 ports into three groups based on high, medium, and low
complexity. Using the DEA-BCC model, the authors examined
the efficiency of ports and concluded that high-complexity ports
are associated with greater efficiency compared to medium and
low efficiency in other port groups.

The DEA-CCR model, according to Valentine and Gray
(2001), was applied to 31 container ports in 1998. They used
two inputs: total length of quay berths and length of container
berths, total freight volume, and the number of containers. They
concluded that group analysis is a reliable tool for identify-
ing organizational structures, and the port sector exhibits three
structural forms that seem to be related to estimated levels of
efficiency.

Barros (2003) applied the DEA approach to ten Portuguese
seaports for the period 1999-2000. The versatile nature of na-
tional ports was represented by measuring the production of
various types of cargoes (general cargo, bulk cargo, container-
ized cargo, solid bulk, and liquid bulk). The number of ships
was also considered an output, while the number of employees
and the book value of assets were adopted as inputs.

According to Nguyen et al. (2015), classical Data Envel-
opment Analysis (DEA) tends to be sensitive to the number of
variables in a chosen sample and does not account for their ran-
dom nature. Standard DEA may present statistical inconsisten-
cies, biased results, and a debatable inference process. There-
fore, this study uses a method of efficiency evaluation to over-
come these limitations, especially as no study on port efficiency
has addressed this issue. This study applies bootstrapped DEA
to a sample of the 43 largest Vietnamese ports and compares
the results with those of Stochastic Frontier Analysis (SFA)
and standard DEA. The results show that efficiency scores ob-
tained through these methods provide useful and consistent in-
formation about port efficiency. Furthermore, while efficiency
scores are already introduced by bootstrapped DEA, the vari-
ables remain consistent and insensitive to sample size, making
DEA and SFA yields much larger than DEA alone. Addition-
ally, bootstrapped DEA provides efficiency scores and allows
hypothesis testing of port performance.

The research presented in this article, according to Nikolina
et al. (2020), focuses on small ports that have not received much
attention until now. The strategic position of the ports in the
northern Mediterranean has gained importance with Chinese
investment. In the first half of 2019, Croatia and Italy agreed
to participate in a project aiming to shorten the route between

China and Central Europe by redirecting maritime routes to the
ports of the Adriatic Sea. This article examines the technical
and scale efficiency of 25 ports in Croatia, Italy, and Slovenia,
as a possible precondition for investments. The research uses
returns of variables from Data Envelopment Analysis (DEA)
to scale a results-oriented model on a panel data sheet for 25
ports in the period 2009-2018. This research suggests that the
number of efficient ports, in this case, is not directly related to
the size of the port or the country in which it is located. How-
ever, larger ports are more often efficient. For all inefficient
ports, DEA provides examples of best practices to which these
ports should aspire, highlighting the practical implications of
the work.

According to Ezebunwa et al. (2020), performance evalua-
tion is a regular check that every organization adapts to regulate
the performance of its establishment. It shows the relationships
between outputs and input variables in organizations. The study
aims to examine the performance of six Nigerian seaports be-
tween the periods 2012-2017 by applying Data Envelopment
Analysis (DEA) models, general linear models, and multivari-
ate analysis. The collected data cover the periods (2012-2017)
for each port. The empirical result shows that the seaports op-
erated efficiently. The results from the regression model and
multivariate analysis reject the null hypothesis and accept that
at a significance level of 5%, there is a significant relationship
between input and output variables for each port.

Li et al. (2021) use a super-efficiency Data Envelopment
Analysis (SE-DEA) approach. The SE-DEA model is superior
to the basic DEA model as it allows for a more accurate and
comprehensive categorization and ranking of container termi-
nals’ efficiency. In the basic model, if different Decision Mak-
ing Units (DMUs) are efficient, their efficiency value is ”1.”
However, in the SE-DEA model, the most efficient DMU is
greater than ”1.” Based on the container throughput level in
2018, the top 20 Chinese container terminal companies were se-
lected. Various production quotas were chosen as inputs, while
container throughput was considered an output. The results
show that the Shanghai terminal was ranked first. This study
contributes to providing information on the Chinese container
terminal industry to increase efficiency. It also provides practi-
cal and policy implications (e.g., improved terminal operations)
for container terminals.

Wang et al. (2021) use the DEA-Malmquist model, select-
ing freight throughput, operating profit, and net profit as output
indicators, and quay berth length, number of quay berths, as-
sets, and operating expenses as input indicators. They calculate
and study changes in the total factor productivity of ten ports
from 2007 to 2018 and analyze the impact of efficiency changes
and technological changes on total factor productivity. The re-
sults show that: (1) The total factor productivity of the ten ports
as a whole has shown a downward trend over the past 11 years,
mainly due to technological changes. (2) The financial crisis
reduced the overall total factor productivity in a short time. (3)
The adoption of active economic policies and the reform of the
management system can significantly promote improvement in
efficiency changes and technological changes. Finally, com-
bined with the results of the empirical analysis, some sugges-
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tions are put forward, such as increasing investments in scien-
tific research, rational planning of scale, and deepening system
reform, etc.

3. Methodology.

The DEA (Data Envelopment Analysis) technique, intro-
duces concepts into a basic model. We find a CCR (1978) type
model that evaluates overall efficiency and identifies sources of
inefficiency, as well as the BCC (1984) model that distinguishes
technical inefficiencies and scale inefficiencies to estimate tech-
nical efficiency at scale and identify variable or constant re-
turns to scale. Finally, the model by Charnes, Cooper, Golany,
Seiford, and Stutz (1985) attempted to connect DEA analysis to
Charnes and Cooper’s (1962) early analyses of inefficiency and,
in this process, further link efficiency analyzed in Koopmans’
(1951) research. The DEA method provides a comprehensive
picture of an organization’s performance and appears to be a
particularly suitable tool for service organizations. Depending
on the problem orientation (input orientation or output orien-
tation), the DEA method has three extremely useful features
(Charnes et al. (1995)):

• It is very useful in complex situations where there are
multiple outputs and inputs asserted in different units of
measurement.

• It characterizes each Decision Making Unit (DMU) by a
single efficiency score.

• It indicates changes in inputs and outputs for the most
efficient units.

• Charnes et al. (1995) provide an additional list of other
advantages of the DEA method:

• By projecting inefficient units, it provides the improve-
ment value for each DMU.

• It focuses on determining the frontier of the best unit.
Each unit is compared to an efficient unit or a combina-
tion of efficient units.

• It does not require any restrictions on cost or production
functions (inputs and outputs).

The advantages of the DEA method essentially rely on the
fact that it is a non-parametric approach. In fact, these char-
acteristics have made Data Envelopment Analysis a popular
method in efficiency estimation.

In this study, we will adopt the input-oriented approach.
Therefore, the dual mathematical formulation of the DEA-CCR
model is as follows:

DEA-CCR


Minθ,λ θ

S ub ject to
−Y0 + λY≥0
θX0 − λX≥0
λ≥0

Equation 1: Mathematical formulation of the DEA-CCR
model

Where:
θ: is a sought scalar (it represents the efficiency score of

DMUI),
λ: vector of non-negative weights,
Y: is the m × n output matrix,
X: is the k × n input matrix.
Y0 and X0 are the observed output and input values, respec-

tively, of DMU0 and the DMU to be evaluated.
θ* is the efficiency score of DMU0 focused on inputs. If θ*

is equal to unity, current input levels cannot be reduced, indi-
cating that DMU0 is efficient. However, if θ* < 1, then DMU0
is technically inefficient.

The DEA-CCR problem (1) incorporates an additional con-
straint, the convexity constraint N1’λ = 1, where N1 is the n ×
1 vector of 1s.

DEA-BCC



Minθ,λ θ
S ub ject to
−Y0 + λY≥0
θX0 − λX≥0

N1′λ= 1
λ≥0

Equation 2: Mathematical formulation of the DEA-BCC
model.

4. Data Description.

The ports studied in this chapter are located in the Mediter-
ranean region and are represented by twelve countries: France,
Spain, Italy, Algeria, Morocco, Greece, Turkey, Cyprus, Syria,
Lebanon, Egypt, and Libya. The container ports used in this re-
search, therefore, have diverse policies, management structures,
and characteristics.

Figure 1: Location of Container Ports in the Mediterranean
Area.

Source: www.aquarius.geomar.de.

Not only do port regulations differ, but the size of ports also
varies significantly. From the port throughput, we can observe
the different sizes of ports that can be classified as small ports,
as their throughput is less than 500000 EVP, while other ports
are relatively large, with a throughput exceeding 2000000 EVP.
The analysis, therefore, encompasses a wide range of port sizes
in the Mediterranean basin.

In this study, the data consists of 481 annual observations.
We use data from 37 Mediterranean seaports between 2005 and
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2017. We use the database to calculate inputs, outputs, and effi-
ciency explanatory variables. The choice of inputs and outputs
depends primarily on the actual goal of the port authority and
the sample size (for the DEA method to yield reasonable re-
sults, the sum of inputs and outputs should not exceed half the
sample size) and the availability of data.

The container port’s container throughput crucially depends
on the efficient use of labor, land, and equipment. Therefore,
the total number of quay berths, terminal area, number of quay
cranes, and the number of workers are highly appropriate ele-
ments to be incorporated into the models as input variables.
Inputs:

• X1: Number of containers

• X2 : Number of passengers

• X3 : Number of ships

• X4: Surface area

• X5 : Depth

• X6: Number of cranes

• X 7: Petroleum products

• X 8 :Chemical products

• X 9: Solid bulk

• X 10: Liquid bulk

• X 11 : Dry products.

Outputs:

• Y: EVP: a unit of container measurement that includes
both 20-foot and 40-foot containers.

Table 1: Descriptive statistics.

Source: Authors.

5. Empirical Analysis of Port Efficiency.

The following interpretations can be derived: The DEA
score, calculated under constant returns to scale (DEA-CCR),
provides general measures of the technical efficiency of ports.
The results indicate that the ports of Genoa, Cagliari, Valencia,
Tarragona, Port Said, Alexandria, and Tripoli represent the set
of efficient samples. Throughout the period from 2005 to 2017,
the analysis demonstrates that the efficiency scores obtained by
these ports are the highest (==1).

In contrast, the ports of Barcelona, Livorno, Arzew, Thes-
saloniki, and Latakia are consistently inefficient throughout the
analysis period. The results show that the port of Bejaia was
efficient during the analysis period with efficiency ranging be-
tween 0.162 and 0.78. It is also noteworthy that the results for
the port of Annaba vary, as it was efficient in the years 2013,
2015, and 2016. However, during the rest of the analysis pe-
riod, it was efficient with an efficiency score ranging between
0.468 and 0.780.

In 2005, 2006, and 2007, the ports of Algiers, Valencia,
Tarragona, Genoa, Gioia Tauro, Cagliari, Skikda, Piraeus, Port
Said, and Alexandria were efficient with a score of 1, while
other ports had efficiency scores ranging between 0.08 and 0.918.
The port of Sete is relatively the most inefficient with a score of
0.008.

In 2008, it is found that the port of Civitavecchia is ineffi-
cient with a score between 0.025.

In 2009, on the other hand, the port of Algiers is efficient
with a score of 0.821. The port of Sete is the most inefficient
with a score of 0.024.

It is observed in 2010 and 2011 that the port of Sete is more
inefficient (0.003) than the port of Piraeus, which achieved an
efficiency score of 0.956.

We can derive the following interpretations: The DEA score,
calculated under constant returns to scale (DEA-CCR), pro-
vides general measures of the technical efficiency of ports. The
results indicate that the ports of Genoa, Cagliari, Valencia, Tar-
ragona, Port Said, Alexandria, and Tripoli represent the set of
efficient samples. Throughout the period from 2005 to 2017,
the analysis demonstrates that the efficiency scores obtained by
these ports are the highest (==1).

In contrast, the ports of Barcelona, Livorno, Arzew, Thes-
saloniki, and Latakia are consistently inefficient throughout the
analysis period. The results show that the port of Bejaia was
efficient during the analysis period with efficiency ranging be-
tween 0.162 and 0.78. It is also noteworthy that the results for
the port of Annaba vary, as it was efficient in the years 2013,
2015, and 2016. However, during the rest of the analysis pe-
riod, it was efficient with an efficiency score ranging between
0.468 and 0.780.

In 2005, 2006, and 2007, the ports of Algiers, Valencia,
Tarragona, Genoa, Gioia Tauro, Cagliari, Skikda, Piraeus, Port
Said, and Alexandria were efficient with a score of 1, while
other ports had efficiency scores ranging between 0.08 and 0.918.
The port of Sete is relatively the most inefficient with a score of
0.008 in 2005.
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Table 2: The CRS (Constant Returns to Scale) and VRS (Variable Returns to Scale) efficiency scores for the period 2005 to 2011.

Source: Authors.
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Table 3: The CRS (Constant Returns to Scale) and VRS (Variable Returns to Scale) efficiency scores for the period 2012 to 2017.

Source: Authors.
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In 2008, it is found that the port of Civitavecchia is ineffi-
cient with a score between 0.025.

In 2009, on the other hand, the port of Algiers is efficient
with a score of 0.821. The port of Sete is the most inefficient
with a score of 0.024.

It is observed in 2010 and 2011 that the port of Sete is more
inefficient (0.003) than the port of Piraeus, which achieved an
efficiency score of 0.956.

Referring to the efficiency scores with the DEA-BCC model,
we observe that the ports (Valencia, Gioia Tauro, Cagliari, Skikda,
Tangier, Piraeus, Port Said, Alexandria, and Tripoli) are effi-
cient throughout the analysis period [2012-2017]. It is also
noted that the results for the port of Annaba vary as it was
efficient during the period [2012-2017]. However, during the
rest of the analysis period, it was efficient with an efficiency of
0.780.

We notice that among the 37 analyzed ports, only the fol-
lowing ports have an efficiency score equal to 1 over the entire
period: Algiers in 2005-2007, Malaga in 2005-2006, Valencia
in 2005-2017, Tarragona in 2005-2014, Fos-sur-mer in 2006-
2007-2012-2013, Genoa in 2005-2015, La Spezia in 2005-2009-
2010-2011-2012-2013-2015, Gioia Tauro in 2005-2017, Cagliari
in 2005-2017, Oran in 2014-2016, Skikda in 2005-2017, Tang-
ier in 2005 and 2009, 2012-2017, Piraeus in 2005-2007 and
2012-2017, Port Said in 2005-2017, Alexandria in 2005-2017,
and Tripoli in 2005-2017.

We observe that seven ports are inefficient throughout all
years of the study (Barcelona, Livorno, Augusta, Arzew, Thes-
saloniki, Latakia, and Beirut), while the other ports are efficient,
having obtained efficiency scores equal to 1. The results pro-
vided by the DEAP program give us an idea of the efficiency
scores in a general sense, and then the scores for each firm.
This program suggests projected values for the inputs or out-
puts used. By using these values in new iterations, the scores of
inefficient firms improve each time until reaching the value of 1
for both BCC and CCR models. Similarly, when using TEU as
an output, the scores, as projected by the DEAP program, are
equal to 1 for both inefficient and efficient ports.

The DEAP program offers a projection for inefficient units
by reducing the values of inputs and increasing the value of
the output. Thus, the projection of variables maintains the con-
stancy of inputs by increasing the output. The value given by
the program corrects only the score of the BCC model, which
becomes 1 after the first iteration. To correct the score of the
CCR model, we attempted several iterations to achieve the nec-
essary output value to obtain a score equal to 1.

To assist the port administration in handling the new out-
put variables to achieve efficient scores while using the same
quantities of inputs, the port administration must seek solutions
to accommodate more ships and cargo to increase the scores of
inefficient ports.

The results of our study identify several variables to im-
prove port efficiency. The significance attributed to the avail-
ability of loading and unloading equipment and the competence
of operating personnel is explained by the fact that dysfunction
at this level leads to increased waiting times for ships, raising
port costs on one hand and penalizing the carrier on the other,

increasing the overall cost of import or export. Therefore, the
concerned goods become non-competitive in a competitive en-
vironment.

Conclusions

Our empirical results confirm that the models adopted in
maritime transport ports depend primarily on the characteris-
tics of loading or unloading systems that differ from others
across ships. This work also studied the foundations of DEA
and demonstrated how DEA can be applied to measure the effi-
ciency of Tunisian ports. The most frequently used models are
DEA-CCR and DEA-BCC, corresponding respectively to con-
stant returns to scale and variable returns to scale assumptions.

However, empirical results show that the majority of Mediter-
ranean ports are efficient. This information is particularly use-
ful for port managers or policymakers to decide on the scale of
production. In contrast to other studies on port efficiency, this
study attempts to explain inefficiency through variables under
the control of operators.

Empirically, in our research, the results show that port im-
provement and efficiency depend on the characteristics of port
structures. Maritime transport, in service of international trade,
only reflects the trade imbalance that crosses the Mediterranean.
The traffic of Mediterranean ports is shared among a significant
number of ports, which exhibit considerable dispersion. Ad-
ditionally, interport competition involves variability between
ports. Similarly, trade in the Mediterranean maritime basin
aims to improve trade relations between public and private op-
erators in the maritime transport and logistics sector, as well as
to improve maritime freight delivery times while contributing
to the competitiveness of the transport and logistics sector.

The competence of operating personnel manifests itself in
its influence on the quality of handling service and service speed.
This situation is generally due to an overlap in the tasks and re-
sponsibilities of different operators. The quality of the handling
service is a determining factor in customer loyalty and is often
linked to the level of competition. A lack of competition does
not promote the development of services or the improvement of
the quality of services offered.

The interviewed shipowners at the port emphasize the im-
portance of the following determinants: the availability of qual-
ified workforce; the availability of loading and unloading equip-
ment and sufficient infrastructure; the use of new communica-
tion technologies; and the simplicity of procedures and docu-
mentation. According to them, if these factors are confirmed in
a port location, others will automatically assert themselves.

Going further in our analysis, we can say that the central
determinants of the performance of the Mediterranean port are
closely related to productivity and, consequently, profitability.
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