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ABSTRACT 

In this research, an analysis is made to test whether the characteristics of Ports 4.0 are determining factors of 

efficiency. The European Union considers maritime transport as an important axis in its policy, both foreign 

and domestic, and that is why it is regulated and in the process of establishing a more extensive regulatory 

framework, through the Integrated Maritime Policy (IMP). Among the objectives of this policy is to maximize 

the sustainable use of the oceans and seas to enable the growth of maritime regions and coastal regions, thus, 

different regional strategies have been developed, through the maritime basins, where the fundamental axis so 

far it is sustainability. This research analyses 35 ports of containerized goods from member countries of the 

European Union and Turkey, due to its strategic geolocation that connects Asia with Europe.  

Keywords: Efficiency; Port 4.0; Stochastic Frontier Analysis 

 

1. INTRODUCTION 

Ports have evolved over the years since Port 1.0 adopts individual pieces of machinery, such as 

yard cranes, while workers link individual process steps and direct yard operations, going 

through Port 2.0 require a targeted approach to the processes: the ports govern, the steps of 

these processes through a terminal operating system, while the operators make the majority of 

the decisions in the central control tower; to Port 3.0 where computers and automated 

algorithms execute and optimize processes, leaving humans available for exceptions. Currently, 

we are in the era of Port 4.0, where, according to the researchers, the cornerstone will be 

automation, which turns ports into highly reliable and flexible logistics centres that direct 

predictable physical flows and use extensive data and advanced analysis to cushion the many 

variables in transportation networks (Mckinsey, 2019). 

In this research, an analysis is made to test whether the characteristics of Ports 4.0 are 

determining factors of efficiency. Europe's relationship with maritime transport stems from its 

own characteristics, since the European Union has seventy thousand kilometres of coastline, 

tripling that of the United States of America.. In addition, no European resident lives more than 

seven hundred kilometres from the coast and almost half of the population lives less than fifty 

from the sea, concentrating in urban areas. On the other hand, 3,500 million tons of cargo per 

year and 350 million passengers are mobilized through the 1,200 European seaports. In 
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addition, 70% of foreign trade and 40% of trade within the EU is carried out by sea (European 

Union, 2019). 

Therefore, the European Union considers maritime transport as an important axis in its 

policy, both foreign and domestic, and that is why it is regulated and in the process of 

establishing a more extensive regulatory framework, through the Integrated Maritime Policy 

(IMP). Among the objectives of this policy is to maximize the sustainable use of the oceans and 

seas to enable the growth of maritime regions and coastal regions, thus, different regional 

strategies have been developed, through the maritime basins, where the fundamental axis so far 

it is sustainability. 

This research analyses 35 ports of containerized goods from member countries of the 

European Union and Turkey, due to its strategic geolocation that connects Asia with Europe.  

The purpose of this paper is to analyse the levels of technical efficiency of the 35 most 

relevant European ports in relation to the characteristics of what a Port 4.0 can be, that is to say, 

that it takes into account sustainability, automation, and location in the different regions 

established by the European Union in its IMP. In short, the paper will evaluate if these 

characteristics contribute to a greater efficiency in the ports and which are the ports with higher 

levels of efficiency in the period from 2006 to 2015, through the stochastic frontier analysis. 

This article is structured as follows: Section 1 concerns introduction; Section 2 summarizes 

the background on studies of port efficiency; Section 3 develops the methodology used, 

explaining the variables included and the method (stochastic frontier analysis); Section 4 

presents the results obtained; and finally, the last two sections contain the conclusions and 

bibliography. 

 

2. LITERATURE REVIEW 

The first investigations on port efficiency are carried out by Roll and Hayuth (1993), who 

explained how to apply the data envelopment analysis (DEA) to calculate the factors that 

determine efficiency through mathematical programming techniques. Liu (1995) demonstrated 

that private property is more efficient than public enterprise based on principal-agent theory. 

Tongzon (1995) analysed the factors that determine efficiency for 23 international ports, 

focusing on the efficiency of the terminals. Millington (1998) performed a stochastic cost 

frontier analysis at twelve coal terminals in Australia, establishing that the use of labour 

increases over time, but that service quality can improve without increasing labour. Coto-Millán 

et al. (2000) analysed efficiency in Spanish ports during the period 1985 to 1995. The results 

suggest that an increase in administrative autonomy means an improvement in efficiency. 

Estache et al. (2002) analysed efficiency gains through reforms for Mexican ports in the period 

1996 to 1999, indicating improvement with the privatization of services but not with 

infrastructures. Cullinane et al. (2002) studied the efficiency of port terminals in Asia for the 

period 1989 to 1998 and showed that the level of port system regulation affects port efficiency. 

They corroborated that there are various relevant variables and that a high degree of 

privatization or deregulation is closely related to improvement in productive efficiency. 

Tongzon and Heng (2005) investigated the factors that cause port terminals to retain their 

competitive advantage, concluding that a degree of privatization improves port efficiency, but 

not total privatization. González and Trujillo (2008), have analyzed nine Spanish ports, and the 

results show the capacity of the port authorities to capture traffic and the difficulty they have in 

adjusting inputs. They demonstrated the positive effects of legislative reforms and 

technological advances and suggested reforms on the liberalization of the market proposed by 
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the European Union. The research in this area has evolved to include aspects such as the 

deregulation of stowage (Díaz et al., 2008), the factors that make a port competitive (Martagan 

et al., 2009), technological advances (Kim and Sachish, 1986), the effects of the financial crisis 

(Wilmsmeier et al., 2013), the analysis of efficiency around environmental factors, such as air 

pollution, incorporating the concept of environmental efficiency (Liu and Lim, 2017), and other 

factors indirectly related to efficiency in port terminals, such as ship accidents in ports (Paul 

and MacDonald, 2017).  

Currently, efficiency is also being investigated over the entire logistics chain, as is the case 

with inland navigation (Wiegmans and Witte, 2017), rail (Andrade and Stow, 2017) and the 

specific legislation that regulates other modes (rail transport) in the European Union (Smith et 

al., 2018). Predominantly, stochastic frontiers analysis (SFA) and data envelopment analysis 

(DEA) are used as the main methodologies in efficiency studies. However, these methods of 

analysis applied to the same data set produce different conclusions (Serebrisky et al., 2016; 

Suárez-Alemán et al., 2016). SFA is a parametric method, while DEA is a nonparametric 

method. In addition, the DEA method is used for its ability to contain multiple inputs and 

outputs and, because it is not necessary to specify the production function, it is usually used 

when there are inaccurate or incomplete data in the sample. Cullinane and Wang (2006) 

conclude that, in general, the functional approach (SFA) provides better results, especially when 

the estimation is specific and panel data are used.  

 

3. METHODOLOGY 

3.1. Variables 

The variables used in the analysis of efficiency and productivity concern 35 ports of 

containerized goods in Europe between 2005 and 2015. These variables are: output, input, 

exogenous and determinants of inefficiency. The most important limitation of type of research 

is the availability and veracity of the data throughout the period analysed. The choice of 

variables used are backed by numerous scientific investigations: the containerized handled 

TEUs' variable (Nguyen et al., 2017, Wiegmans and Witte, 2017, Serebrisky et al., 2016, 

Suárez-Alemán, 2016); the frequency of calls (Jahn and Scheidweiler, 2018; Karsten et al., 

2017; López-Bermúdez et al., 2019); the number of gantry and movile cranes for the operation 

of handling the contained goods (Wiegmans and Witte, 2017; Serebrisky et al., 2016). Other 

variables included in the analysis as exogenous variables are important characteristics of the 

terminals. These include: laytime average in hours (Automatic Identification System, 

henceforth AIS, 2019); quality infrastructure index (World Bank, hereinafter WB, 2019); port 

size (less or more than one million TEUs per year); gross domestic product (GDP) per capita 

in power purchase parity in dollars 2011 (WB, 2019). As the output variable of the production 

function of port services, we introduce the volume of containerized goods expressed in TEUs 

(AIS, 2019). The inputs that are part of this function are the frequency of calls (AIS, 2019) and 

the number of gantry cranes and mobile cranes in the different ports.  

Table 1 shows the average values for the variables used in the production function during 

the period analysed (2005-2015). First, the output, that is, the volume of containerized goods 

handled in the most relevant European ports, where the first cut was made in those whose 

volumes are greater than 100,000 average TEUs. The result is a sample of 35 ports, where 

Rotterdam (15 million), Hamburg (11 million), Antwerp (10 million), Le Havre (8 million), 

Bremerhaven (7 million), Felixtowe (7 million) are in the top positions and Valencia (7 million). 

The variable input call frequency, as expected, is related to the ports with the highest volume 
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of manipulated containerized goods and the highest frequency of calls. In relation to the number 

of gantry cranes, a great difference can be seen, between Rotterdam, which has an average of 

102 gantry cranes in the analysed period and the 69 in Hamburg, which is the second port with 

the largest number of cranes of these characteristics. However, all of the 35 ports have gantry 

cranes. With regard to mobile cranes, the number of these is insignificant in European terminals, 

since in 18 ports there is no crane of these characteristics. 

The laytime depends directly on multiple factors, the volume of containerized goods, the 

infrastructure and superstructure to mobilize them, the size of the ships, etc. Therefore, it is a 

difficult feature to analyse if it is compared only by its greater or lesser value. Thus, between 

the ports with more than 5 million handled containers, which are 7, the plate times range from 

21.27 hours from Bremerhaven to 27.76 hours in Hamburg. In ports with a volume of more 

than one million TEUs and less than 5 million TEUs, the laytime ranges between 13.34 hours 

from Sines and 26.79 hours from Southampton; and finally, between the ports that do not reach 

the million manipulated TEUs, the values oscillate between 12.04 hours of Aarhus and 27.44 

hours of Constanza. 

The values of GDP per capita in power purchasing parity to constant dollars of 2011 are an 

exogenous variable country, since there are ports that belong to the same country, although it 

is true that all of them located in the European continent, the values oscillate: € 17,943 from 

Romania, followed by € 19,220 from Turkey and € 21,584 from Poland, € 41,242 from 

Germany, € 44,954 from Denmark and € 45,905 from the Netherlands. Thus, the infrastructure 

quality index, developed by the World Bank, takes values between 1 and 7, with 1 being the 

worst performance in logistics infrastructure and 7 the highest. In addition, it is an exogenous 

country variable, since it is constructed for each country, in the data it is observed that the 

lowest values are 3.05 of Romania and 3.23 of Poland; while the highest values are 6.66 of the 

Netherlands and 6.23 of Germany. 

The determinants of inefficiency analysed are characteristics of Port 4.0, such as, concern 

for sustainability (Global Reporting Initiative standard index, henceforth GRI), automatization 

(Bilal et al., 2018) and including the ‘sea basin regional strategies’ presented in the European 

Union (Mediterranean and Atlantic). The European Union presents the strategies by maritime 

region including guidelines for coordination with non-member countries, such as Turkey. 

In the first place, sustainability is one of the concerns of the European Union that is becoming 

stronger with the new legislation of the IMP. Specifically, in the transport sector, measures with 

deadline 2050 have been implemented, among them, Port Authorities have been notified that 

they must evaluate and report their situation through sustainability indicators. In particular, 

internationally standardized GRI indicators work as global and homogeneous tools, and some 

ports (Maigret, 2014) have decided to follow these standards. Second, when talking about Port 

4.0, many researchers relate it directly to the automation of terminals (Bilal et al., 2018), and 

that is why we test whether semi or total automation is (Rodrigue et al., 2016), is a determining 

factor of efficiency. Finally, the IMP of the European Union promotes growth and development 

strategies that exploit the strengths and address the weaknesses of each large region in the EU, 

through the strategies of maritime basins, and in this research and given the sample we have, 

they test the dummies of the Mediterranean and the Atlantic as dummy. 
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Table 1. Input and exogenous variables (average 2005-2015) 

Port TEUs FE 
Grantry 

cranes 

Mobile 

cranes 

Laytime 

(h) 
GDP pc ($) Ca 

Aarhus 784,526 307 8 0 12.04 44,954.36 6.14 

Algeciras 4,903,897 1214 28 0 21.07 32,515.03 5.47 

Ambarli 2,587,086 854 17 17 18.36 19,220.49 3.91 

Amsterdam 292,210 73 2 2 22.22 45,905.01 6.66 

Antwerp 10,273,254 2359 64 0 27.25 41,054.45 6.36 

Barcelona 4,025,736 930 13 0 25.09 32,515.03 5.47 

Bremerhaven 7,326,630 1701 41 1 21.27 41,242.03 6.23 

Cagliari 1,527,198 432 7 0 18.28 36,214.46 3.69 

Caronte 2,292,785 418 12 0 22.19 37,232.16 5.71 

Constantza 838,036 243 4 3 27.44 17,943.62 3.05 

Dunkirk 892,367 215 5 2 16.90 37,232.16 5.71 

Felixstowe 7,253,056 1237 32 0 22.26 37,506.13 5.45 

Gdansk 519,460 189 12 1 14.90 21,584.24 3.23 

Genoa 3,369,620 770 16 0 25.00 36,214.46 3.69 

Gioia Tauro 3,260,612 589 21 1 25.42 36,214.46 3.69 

Gothenburg 853,421 243 10 0 18.70 43,282.85 5.88 

Hamburg 11,525,233 2384 69 0 27.76 41,242.03 6.23 

Izmir 773,991 428 5 3 29.71 19,220.49 3.91 

Koper 706,833 223 8 0 17.38 28,696.63 4.99 

La Spezia 2,552,522 520 12 4 24.32 36,214.46 3.69 

Le Havre 7,805,707 1418 22 0 21.36 37,232.16 5.71 

Liverpool (United Kingdom) 362,959 167 4 0 22.27 37,506.13 5.45 

Livorno 1,199,853 347 5 6 23.51 36,214.46 3.69 

Marsaxlokk 3,338,101 722 22 0 23.38 28,978.66 5.37 

Mersin 1,219,281 525 11 1 18.35 19,220.49 3.91 

Naples 1,107,886 283 6 1 22.61 36,214.46 3.69 

Piraeus 2,698,050 674 4 1 25.09 27,843.26 4.27 

Rotterdam 15,739,963 3517 102 1 23.75 45,905.01 6.66 

Sines 1,702,111 309 9 2 13.34 26,688.22 4.89 

Southampton 3,959,191 543 14 0 26.79 37,506.13 5.45 

Thamesport 1,282,088 264 5 1 17.16 37,506.13 5.45 

Tilbury 1,613,511 580 10 3 14.27 37,506.13 5.45 

Trieste 801,567 199 7 1 18.63 36,214.46 3.69 

Valencia 7,040,694 1525 40 0 21.65 32,515.03 5.47 

Zeebrugge 3,137,277 467 7 0 19.03 41,054.45 6.36 

Source: own elaboration 

 

3.2. Modelling 

Researches on port efficiency have focused on two methods. The first, based on econometric 

techniques called stochastic frontier analysis (SFA) and the second, based on mathematical 

programming called data envelopment analysis (DEA). Cullinane and Wang (2010), analyse 
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the different data structures in the DEA and SFA and conclude that the panel data structure 

(SFA) will be the most adequate to perform efficiency analysis in container ports. González 

and Trujillo (2009) carry out a systematic analysis of the existing studies that evaluate the 

economic efficiency and productivity of the sector, identifying the applied methodology and 

the variables used. Its main contribution is that it is necessary to identify and isolate the port 

activity on which the analysis is being carried out, through the production function (SFA). 

Almost all the investigations about this subject conclude that the DEA analysis tends to be very 

sensitive to the number of variables of the chosen sample, show statistical inconsistency, biased 

results and a questionable inference process (Simar and Wilson, 1998, 2000). The methodology 

used is a stochastic frontier analysis and operational port indicators. Through this analysis, the 

technical efficiency levels of the terminals are studied, as well as the possible determinants of 

inefficiency.  

 

3.2.1. Port efficiency: stochastic frontier analysis  

The stochastic frontier analysis (SFA) is a parametric approach to estimate technical efficiency 

in those cases where the production function is specified. This method calculates the economic 

inefficiency of the agents based on distribution assumptions, so that different ports may have 

different efficiencies. Battese and Coelli (1995) formulate a stochastic frontier analysis, where 

exogenous factors exist in the inefficiency distribution function and construct a model with 

panel data. This model takes into account, simultaneously, endogenous and exogenous factors. 

The authors define the stochastic frontier production function of panel data as:  

Yit=exp (xit β +Vit+Uit)                                                                                                         {1} 

Where: 
 Yit indicates the production for the i-th company in the t-th observation;  

 xit is a vector (1 • k) of the values of the known functions of the production inputs and 

other explanatory variables associated with the i-th company in the t-th observation; 

 β is a vector of unknown parameters to be estimated (k x 1);  

 Vit are assumed to be independent and identically distributed (iid)  N(0, σv
2) random 

error variable, independently distributed to the Uit; 

 Uit are non-negative random variables, associated with the technical inefficiency of 

production, which are assumed to be independently distributed, such that Uit is obtained 

by truncation (at zero) of the normal distribution with mean zitδ and variance σu2;  

 zit is a (1 • m) vector of the explanatory variables associated with the technical 

inefficiency of production over time, and δ is an (m • 1) vector of unknown coefficients;  

 σv
2 is the variance of the noise term; 

 σu
2 is the variance of the inefficiency term;  

 σ2 is the variance of the error term;  

 i represent each company;  

 t: represents each year of the analysis (2006-2015). 
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In the above equation, the stochastic frontier production function is specified in terms of the 

original production values. However, the effects of technical inefficiency are: 

 Uit, which is a function of a set of explanatory variables; 

 zit, which is an unknown vector of δ coefficients. 

The explanatory variables of the inefficiency of the model may include some input variables 

in the stochastic frontier, and the expected effects of the inefficiency are stochastic. If the first 

variable z has a value of 1, and all the other variables z are 0, this case represents the model 

specified by Stevenson (1980) and Battese and Coelli (1988, 1992). If all the elements of vector 

δ are equal to 0, then the effects of technical inefficiency are not related to the z variables so 

that the normal mean distribution originally specified in Aigner, et al. (1977) is obtained. The 

effect of technical inefficiency Uit in the stochastic frontier model is specified as: 

Uit=zit δ + wit                                                                                                                           {2} 

Where the random variable, wit, is defined by the truncation of the normal distribution with 

zero mean and variance σu
2, so that the truncation point is zit δ; that is, wit> zit δ. These 

assumptions are consistent with Uit, being a non-negative truncation of the N(zit δ, σu
2) 

distribution. The maximum-likelihood method is used for the simultaneous estimation of the 

parameters of the stochastic frontier and for the effects of technical inefficiency (Battese and 

Coelli, 1995). The probability function is expressed in terms of the parameters of the variance: 

σ2 = σv
2 + σu

2, where: γ= σu
2/ σ2. The technical production efficiency for the i-th port at the t-th 

time instant is defined by the equation:  

TEit = exp(-Uit)= exp (-zitδ -Wit)                                                                                             {3} 

The prediction of technical efficiency is based on the conditional expectation, given the 

assumptions of the model. In this research, the functional form used is the trans-logarithmic 

function, considering it as port efficiency (Liu, 1995; Coto-Millan et al., 2000, Tongzon and 

Heng, 2005; Cullinane and Wang, 2006; Núñez-Sánchez and Coto-Millán, 2012; Trujillo et al., 

2013; Serebrisky et al., 2016). The stochastic frontier trans-logarithmic production equation is 

specified as follows:  

LTit=β0+β1·LFEit+β2·LGr1it+β3·LGr2it+β4·[LFEit]
2+ 

β5·[LGr1it]
2+β6·[LGr2it]

2+β7·LFEit·LGr1it+β8·LFEit·LGr2it+β9·LGr1it·LGr2it+ β10·Laytimeit+ 

β11·Cait+ β12·LGDPpcit + β13·H1Mit +vit+uit                                                                            {4} 

Where:  

 LTit: natural logarithm of the volume of containers in TEUs in the i-th terminal in the 

th-th year (AIS, 2019); 

 LFEit: natural logarithm of the frequency of calls of ships in the ith terminal in the t-th 

year (AIS, 2019); 

 Gr1it: natural logarithm of the number of gantry cranes in the i-th terminal in the th-th 

year;  

 Gr2it: natural logarithm of the number of mobile cranes in the i-th terminal in the th-th 

year;  

 Laytimeit: natural logarithm of the average laytime in hours; 
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 LCait: natural logarithm of the quality index of the port infrastructures of the country 

(WB, 2019);  

 LGDPpcit: natural logarithm of the GDP per capita of the country where the terminal is 

located (WB, 2019); 

 H1Mit: dummy variable that takes the value 1 when the average TEUs per year is less 

than 1 Million in the terminal (AIS, 2019); 

 i: each of the terminals analysed;  

 t: represents each year of the analysis (2005-2015);  

 vit is the random error term independent from uit;  

 uit is a random variable that follows a normal truncated distribution associated with 

technical inefficiency.  

The production function used assumes that the production factors have to be introduced 

logarithmically. For the variables Cranes1 and Cranes2, it is necessary to carry out a conversion 

since in many cases they take the value 0. In this case, the methodology proposed by Battese 

(1997) and by Serebrisky et al. (2016) is used, so that the variables become:  

Gr1= Max (G1, DG1), where DG1=1 if G1=0, and DG1=0 if G1>0 

Gr2= Max (G2, DG2), where DG2=1 if G2=0, and DG2=0 if G2>0 

On the other hand, the determinants of inefficiency analysed are introduced into the equation, 

so that:  

uit= δ1·gri+ δ2·aut+ δ3·atlantic+ δ4·mediterranean +wit                                                      {5} 

Where variables  

 gri: dummy variable that take the value 1 when the terminal follows the GRI standard 

index (Maigret, 2014), and 0 otherwise; 

 aut: dummy variable that take the value 1 when the terminal is automatize, and 0 

otherwise; 

 atlantic: dummy variable that takes the value 1 when the terminal is located in the 

Atlantic Ocean, and 0 otherwise; 

 mediterranean: dummy variable that takes the value 1 when the terminal is located 

in the Mediterranean, and 0 otherwise. 

 

4. RESULTS 

Table 2 shows the results of the maximum-likelihood estimation of the stochastic frontier 

analysis. The sample consisted of 35 ports in the period from 2006 to 2015 with a total of 350 

observations. The estimation carried out follows the model Battese and Coelli (1995) with panel 

data. The results obtained show that the inputs of the production frontier are significant with 

levels of 99%, while some exogenous variables at levels of 95% and 99%. 
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First, the frequency of scales is shown to be significant and with a positive sign. Thus, a 

growth of 1% in the frequency of scales produces an increase of 1.26% in the volume of 

containers handled. This data reveals the gigantism of the ships that has been reflected in the 

European ports, that is to say, the increase of the scales of the ships in port increases more than 

proportionally the increase of the TEUs in the port. 

In addition, the gantry cranes are significant at 99% confidence level and with a positive 

sign, thus the increase of 1% in the number of gantry cranes produces an increase of 0.80% of 

the volume of TEUs in European ports. On the other hand, mobile cranes are significant at the 

95% confidence level and the 1% increase in this type of cranes causes an increase of 0.07% in 

the volume of containerized merchandise. Both results are positive, however, the difference 

between them shows that mobile cranes have no advantages compared to gantry cranes whose 

increase is greater. 

In relation to the exogenous variables, the ironing time in the port is significant and positive, 

which means that the 1% increase in ironing time implies an increase in the containerized 

volume of 0.002%. Furthermore, when 16 European countries are included in the analysis, the 

per capita GDP variable in purchasing power parity is included in constant 2011 dollars, a 

variable that is significant at 99% confidence level. The 1% increase in GDP per capita 

represents an increase of 0.22% in the volume of containerized goods; this result strengthens 

the positive relationship between trade and economic growth, in addition to highlighting the 

importance of containerized goods by sea in international trade 

Finally, the exogenous dummy variable up to 1 million is significant and with a positive 

sign, which shows that those ports that do not reach one million containers in average annual 

terms in the period analysed have seen their share of TEUs reduced. This is due to the fact that 

the economic crisis period and the competitiveness of European ports due to the market share 

of maritime transport are included in the analysis period. 

In relation to the possible determinants of inefficiency analysed, it is observed that 

presenting the sustainability reports according to the GRI criteria implies a reduction in 

inefficiency. While the automated or semi-automated ports increase their inefficiency and if 

they are located in the Mediterranean basin as well. 

Specifically, the GRI standards are international standards for generating indicators capable 

of evaluating the management of the different port governance institutions, and therefore, 

submitting to these criteria presupposes prior confidence in compliance with state and European 

regulations. 

On the other hand, numerous studies support that the automation of terminals is not always 

productive (Mckinsey, 2019), since some ports have stagnant productivity capacities and 

automation does not necessarily act as a catalyst for new traffic. Therefore, it should be noted 

that automation has to be studied carefully in each port and see if the characteristics of the same 

favour gains in efficiency and therefore, automation is productive. 

Finally, it can be concluded that the strategies of the new policy of the European Union 

(Integrated Maritime Policy) start from the fact that each marine space has different 

characteristics and must be coordinated for improvement, as the results show. That is, it makes 

no sense for a country to define its strategy without coordinating with the rest of the countries 

in the marine basin. The results show that the Atlantic is not significant, while the 

Mediterranean region does, of the 35 ports, 15 belong to the Atlantic and 16 to the 

Mediterranean.
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Table 2. Stochastic frontier estimation 

 BC95 

 0 5.1037 

Std. Err .9930* 

Log Frequency of calls 
1 1.2614 

Std. Err. 0.8032* 

Log Gantry cranes 
2 .1654 

Std. Err. .0796* 

Log Mobile cranes 
3 .2693 

Std. Err. .1459** 

Log (Frequency of calls) 2 
4 -.0261 

Std. Err. .0086* 

Log (Gantry cranes)2 
 -.0132 

Std. Err. .0257 

Log (Mobile cranes) 2 
6 .08153 

Std. Err. .0733 

Log Frequency of calls·Log Gantry cranes 
7 -.00036 

Std. Err. .00035* 

Log Frequency of calls·Log Mible cranes 
8 -.0013 

Std. Err. .0035 

Log Gantry cranes·Log Mobile cranes 
9 -.1937 

Std. Err. .0934* 

Laytime 
10 .0047 

Std. Err. .0028** 

Quality Index of port infrastructures 
11 .0368 

Std. Err. .0237 

Log Gross Domestic Product pc 
12 .2275 

Std. Err. .0958* 

H1M 
13 -.3915 

Std. Err. .0521* 

 
δ0 -1.482 

Std. Err. .9346 

GRI 
δ1 -1.486 

Std. Err. .5805* 

Automatization 
δ2 .8933 

Std. Err. .3080* 

Atlantic 
δ3 -.2680 

Std. Err. .2439 

Mediterranean 
δ4 2.1476 

Std. Err. .5088* 

σ2
u 

 .5316 

Std. Err.   

σ2
v 

 .2119 

Std. Err. .022835 

Log Likelihood  -68.9178 

Wald Chi2  7036.33 

Prob>Chi2  0.0000 

Observations  350 

Nº of ports  35 

Calculations made in STATA 13., *p<0.05, **p<0.10 

Source: own elaboration 
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Figure 1. Evolution of the average technical efficiency in container terminals in Europe (2005-2015) 

 

Source: own elaboration 

Table 3. Average technical efficiency per port (2005-2015) 

N Port TE N Port TE 

1 Sines 0.9611 19 Hamburg 0.8409 

2 Gothenburg 0.9499 20 Piraeus 0.8370 

3 Southampton 0.9195 21 Koper 0.8356 

4 Rotterdam 0.9169 22 Genoa 0.8172 

5 Zeebrugge 0.9096 23 Naples 0.8085 

6 Dunkirk 0.9077 24 Marsaxlokk 0.7949 

7 Felixstowe 0.9010 25 Barcelona 0.7694 

8 Trieste 0.8930 26 Cagliari 0.7689 

9 Antwerp 0.8925 27 Aarhus 0.7539 

10 Le Havre 0.8904 28 Algeciras 0.7444 

11 Valencia 0.8874 29 Thamesport 0.7211 

12 Constantza 0.8817 30 Tilbury 0.7188 

13 La Spezia 0.8800 31 Izmir 0.6753 

14 Gioia Tauro 0.8798 32 Liverpool  0.6249 

15 Amsterdam 0.8767 33 Gdansk 0.6248 

16 Ambarli 0.8689 34 Livorno 0.6170 

17 Caronte 0.8476 35 Mersin 0.6048 

18 Bremerhaven 0.8291  

Source: own elaboration 

The levels of technical efficiency are obtained conditioned to the determinants specified in 

the stochastic frontier analysis. The efficiency values take values between 0 and 1, where 0 is 

the minimum efficiency value and 1 is the maximum. Figure 1 shows the average values of 

technical efficiency in the 35 containerized goods ports for the period from 2005 to 2015, where 
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the lowest value is 0.75 in the year 2005, and the maximum value reached is 0.84 in the year 

2013, ending the period analysed with a value of 0.83. For the period analysed, the level of 

technical efficiency has experienced a year-on-year growth rate of 0.96%. 

The levels of technical efficiency per port in the period from 2005 to 2015 are presented in 

Table 3. Where it is observed that the average values oscillate between 0.96 from the port of 

Sines (Portugal) and 0.60 port of Mersin (Turkey). The European ports of this analysis have a 

high level of technical efficiency since the values are higher than 0.50. The European ports with 

the highest level of technical efficiency, that is, higher than 0.90, in this analysis are Sines in 

Portugal, Gothenburg in Sweden, Southampton in the United Kingdom, Rotterdam in the 

Netherlands, Zeebrugge in Belgium and Dunkirk in France. There are 23 ports with a level 

higher than 0.80, and ports below 0.70 are Izmir in Turkey, Liverpool in the United Kingdom, 

Gdansk in Poland, Livorno in Italy and Mersin in Turkey. 

 

5. CONCLUSIONS  

Port 4.0 will imply significant gains in efficiency in the port sector (Mckinsey, 2019). Now, a 

new business model and the collaboration of governments to link investment and redistribution 

of value will be necessary. Therefore, Port 4.0 will contribute to economic growth but the 

achievement of this type of port is an arduous task that all stakeholders have to carry out. 

Among the most relevant conclusions of the investigation, it is worth mentioning, that the 

gigantism of the container ship fleet materialized in European ports, since an increase in the 

frequency of scales of 1% implies an increase of 1.26% in the movement of TEUs. 

On the other hand, the important size of the ports, in general terms, and the large volumes of 

handled containers show that the investment in gantry cranes supposes a greater increase of the 

volume of containers than if the increase is of mobile cranes, which is logical. In relation to the 

determinants of inefficiency, it is observed that the variables dummies ‘gri’, ‘autom’, and 

‘mediterranean’2 are significant. Now, while ‘gri’ shows a negative sign, that is, it reduces the 

inefficiencies and therefore it can be said that it contributes to the efficiency of the port, ‘autom’ 

and ‘mediterranean’ present positive signs which indicate that these characteristics suggest an 

increase of the inefficiency in the ports. 

In the 35 containerized goods ports for the period from 2005 to 2015, the technical efficiency 

level takes the lowest value 0.75 in the year 2005, and the maximum value reached is 0.84 in 

the year 2013, ending the period analysed with a value of 0.83. For the period analysed, the 

level of the technical efficiency has experienced a year-on-year growth rate of 0.96%. 

The average values of technical efficiency by port oscillate between 0.96 from the port of 

Sines (Portugal) and 0.60 port of Mersin (Turkey). The European ports with the highest level 

of technical efficiency, that is, higher than 0.90, in this analysis are Sines in Portugal, 

Gothenburg in Sweden, Southampton in the United Kingdom, Rotterdam in the Netherlands, 

Zeebrugge in Belgium and Dunkirk in France. There are 23 ports with a level higher than 0.80, 

and ports below 0.70 are Izmir in Turkey, Liverpool in the United Kingdom, Gdansk in Poland, 

Livorno in Italy and Mersin in Turkey. 

 

                                                 
2 ‘gri’: dummy variable that take the value 1 when the terminal follows the GRI standard index, and 0 otherwise; 

‘autom’: dummy variable that take the value 1 when the terminal is automatize, and 0 otherwise; ‘mediterranean’: 

dummy variable that takes the value 1 when the terminal is located in the Mediterranean, and 0 otherwise. 
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