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Abstract: Performance evaluation is an important tool for organizations to improve productivity, 

efficiency processes or services. From performance evaluation organizations can compare their 

efficiency with their competitors and identify their strengths and weaknesses. In this paper, data 

envelopment analysis (DEA), an effective technique for relative efficiency assessment, is 

utilized for measuring the performance of 57 worldwide seaports in 2008, comparing further 21 

Iberian seaports and evaluating how close they are to the frontier of best practices. The 

approach used in the current research considers three inputs (capital expenses, employees and 

other operational expenses) and four outputs (general cargo, dry bulks, liquid bulks and 

passengers). Variable returns to scale were assumed and several other models were applied. 

The general conclusion is that the Iberian seaports examined display relatively lower efficiency. 

However, there are also some efficient seaports in the sample analyzed. 

Keywords: Data envelopment analysis; DEA; performance measurement; seaports; efficiency.  

 

1 – INTRODUTION  

According to Cullinane et al. (2002) “Efficiency is a main issue in contemporary port economics, 

on grounds of port’s strategic position in connecting inside the country”. An increasing of the 

importance of the maritime sector in global world economy, made that in the past few years a lot 

of studies have been written about the seaport development. Maritime transport is the only 

viable transportation covering a wide range of destinations worldwide, represented by the lower 

cost per ton km. “European seaports are facing an increasing growth. This has been caused by 

a complex process of institutional reform and by the evolution of the seaports themselves. Over 

the past few years increasing attention has been given to the seaport industry at the same time 

that containerized transportation has come to the frontline of the international shipping setting.” 

Simões and Marques (2009). Consequently there has been a raise in competitiveness, not only 

in terms of container traffic, but mainly in the wider port sector. Due to this intense global 

competition, port authorities felt obliged to make radical changes in the port activities, increasing 

the degree of specialization and raising the stakes for financial investments. 
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According to Carvalho (2007) “Performance measurement is seen as an essential tool towards 

the modernization and competitiveness of all kinds of industries and organizations”. It should be 

noted that the performance evaluation of the port sector is a difficult task due to the complexity 

of port activities and the heterogeneity of the worldwide ports. In this paper, DEA model was 

implemented to assess the efficiency performance of 57 world ports in different countries, 

assessing in more detail 21 Iberian ports, compared to the other ports of the analysis. Apart 

from the results obtained by the DEA, were applied also the DEA – super-efficiency and DEA 

Bootstrap models, to complement the study, analyzing the operation environment where the 

seaports are located. In the base, the three performance measurement models are adopted for 

the evaluation of seaports as inputs, Capex, other operational costs and employees. General 

cargo, dry bulks, liquid bulks and passengers are considered as the output index. By 

implementing this DEA analysis, ports are classified into two groups, efficient and inefficient 

performers, for the last, is establish the level of their efficiency.  
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Analysis of Outcomes and Conclusions 

Figure 1 – Structure of Study 

The rest of this paper is organized as follows. A brief review of DEA is made in section 2 and 

section 3 gives a literature review. The DEA models used in this paper are introduced in Section 

4. Section 5 gives the variables and data analysis in this study. Section 6 conducts the 

numerical testing and analysis. Section 7 draws conclusions and final remarks. 

2 – INSTITUTIONAL SETTING  

Instituto Portuário e dos Transportes Marítimos (Port and Maritime Agency) is a public body 

who regulates the Portuguese seaports. The agency comes under the direct control of the 

Ministry of Transport. “In general, the port authority is responsible for the port, and the land 

access infrastructure. They divide responsibility for the maritime access infrastructure, with the 

port authority responsible for breakwaters, lights, and buoys and the government responsible for 
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the rest.” Trujillo and Nombela (2000). Currently, the main port system in Portugal is constituted 

for five port authorities, Aveiro, Lisbon, Leixões, Setúbal and Sines.  

The past few years show an increase in private participation in the port sector. The private 

sector has been achieved mainly through schemes BOT (Build, Operate and Transfer), in which 

the concessioner undertakes to invest in the super-structure and in turn grants the right to 

operate the services during a specified period. This period is limited and must be proportional to 

capital invested. 

Spain has  forty four seaports, controlled by twenty eight port authorities. Puertos del Estado is 

a public body under the Ministry of Economy with overall responsibility of the entire port system 

of public ownership, they have their own sources of revenue, manage the Compensation Funds 

between ports and match it with the following responsibilities under supervision of the Economic 

Ministry. As in Portugal, the port authorities are autonomous public entities with legal capacity 

and its own assets.  

Normally, in large size ports, the management model is the landlord model. It is divided 

between public and private entities. It is up to the port authority to supervise, coordinate and 

monitor the general promotion of the port. To private operators, is submitted the port operation 

as well as some of this area through a lease or a concession, being responsible for the 

exploration of the area, equipment and manpower of the stevedoring work.  

Table 1 shows the evolution of the cargo throughput in the main ports, in Spain and in the 

European Union.  

Table 1 – The evolution of Cargo Throughput in Portugal, Spain and European Union (EU) 
Seaport 2004 2005 2006 2007 2008 2009 

Aveiro 3.133 3.328 3.349 3.270 3.466 3.007 

Lisbon 11.783 12.420 12.293 13.158 12.980 11.709 

Leixões 13.703 14.050 14.016 14.948 15.635 14.200 

Setúbal 6.521 6.642 6.204 6.833 6.124 5.900 

Sines 22.476 25.041 27.196 26.299 25.148 24.377 

Total 59.620 63.486 65.064 66.515 65.361 61.202 
       

Spain 373.065 400.019 414.378 426.648 416.158 344.932 

EU  3.570.238 3.685.000 3.710.000 3.288.000 3.290.200 3.103.396 

Units: Thousands of tons 

3 – LITERATURE REVIEW 

While there is extensive literature on benchmarking applied to a diverse range of economic 

fields, the seaport sector is under-researched. Efficiency analysis of seaports embraces three 

scientific quantitative methods, namely, ratio analysis, the econometric frontier and the DEA. 

Although performance measurement can be carried out in different ways, this study will use only 

DEA techniques. The application of this technique in the port sector starts with Hayuth and Roll 

(1993) who present a theoretical examination and propose the use of cross-sectional data from 

financial reports in order to render the DEA approach operational. Tongzon (2001) uses cross-
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sectional data from four Australian and twelve other ports from around the world, referent to 

1996. Barros (2003a) analyses the technical and allocative efficiency of Portuguese seaports. 

Barros (2003b) analyses the total productivity change in the Portuguese seaports in two stages, 

the first one, estimated a Malmquist index, followed by Tobit regression in the second stage. 

Barros and Athanassiou (2004) compare the efficiency of Portuguese and Greek seaports. Park 

and De (2004) analyses the efficiency of 11 Korean seaports with DEA – CCR and DEA – BCC. 

Barros (2006) uses DEA – CCR, DEA – BCC, cross efficiency and super efficiency to twenty 

four Italian port authorities from 2002 to 2003. Marques and Carvalho (2009) studies the 

efficiency of forty one ports from eleven European countries. Finally, Marques and Simões 

(2010) apply the DEA robust non-parametric at forty one European seaports.  

The variables used in the literature cited are listed in Table 2.  

Table 2 - Literature Review 

Papers Method Units Input Output 
Roll and 
Hayuth 
(1993) 

DEA - CCR 
model 

Hypothetical 
numerical example of 
20 ports 

Manpower, capital, cargo 
uniformity 

Cargo throughput, level service, 
consumer satisfaction, ship calls 

Martinez et 
al. (1999) 

DEA - BCC 
model 

26 Spanish ports, 
1993-1997 

Labor expenditure, 
depreciation charges, other 
expenditure 

Total cargo moved through docks, 
revenue obtained from rent of port 
facilities 

Tongzon 
(2001) 

DEA - CCR           
DEA Additive 

4 Australian and 12 
other international 
ports for 1996 

Number of cranes, number 
of container berths, number 
of tugs, terminal area, delay 
time, labor 

Cargo throughput, ship working rate 

Barros 
(2003a) 

DEA - 
allocative and 
Technical 
Efficiency 

5 Portuguese 
seaports, 1999-2000 

Number of employees, 
book value of assets 

Ships, movement of freight, gross 
tonnage, market share, break-bulk 
cargo, containerized cargo, Ro-Ro 
traffic, dry bulk, liquid bulk, net 
income, price of labor measured by 
salaries and benefits, price of capital 
measured by expenditure on 
equipment and premises 

Barros 
(2003b) 

DEA - 
Malmquist 
index and a 
Tobit model 

10 Portuguese 
seaports, 1990-2000 

number of employees and 
book value of assets 

Ship, movement of freight, break-bulk 
cargo, containerized freight, solid 
bulk, liquid bulk 

Park and De 
(2004) 

DEA - CCR and 
BCC 

11 Korean seaports 
for tge year 1999 

Berthing capacity (number 
of ships) and cargo 
handling (tones) 

Cargo throughputs, number of ship 
calls, revenue and consumer 
satisfaction 

Barros and 
Athanassiou 
(2004) 

DEA - CCR and 
BCC 

2 Greek and 4 
Portuguese seaports 

Labor and capital Number of ships, movement of freight, 
cargo handled, container handled 

Barros (2006) DEA - CCR, 
DEA - BCC, 
DEA - Cross 
efficiency, DEA 
- Super 
efficiency 

24 Italian Port 
Authorities (2002 - 
2003) 

Number of employees, 
investment, operating costs 

Liquid bulk, dry bulk, number of ship, 
number of passengers, number of 
containers with TEU, number of 
container with no TEU, total sales 

Marques and 
Carvalho 
(2009) 

DEA - CCR e 
DEA - BCC 

41 ports of 11 
European countries 

Opex, Capex Conventional cargo, containerized 
cargo, ro-ro, solid and liquid bulks and 
passengers 

Marques and 
Simões(2010) 

DEA robust 
non-parametric 

41 European 
seaports 

Opex, Capex General cargo, solid and liquid bulks 
and passengers 
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4 – DEA, VARIABLES AND DATA ANALYSIS 

DEA is a linear programming technique for assessing the relative performance of a set of similar 

decision making units (DMUs). Each DMU consumes a certain number of inputs and produces a 

certain number of outputs. The intent is to identify which DMUs operate efficiently and therefore 

belong to the efficiency frontier and which DMUs do not operate efficiently and should make 

correct adjustments in their input and output in order to reach efficiency.  

“The standard DEA model, called CCR was developed in 1978 by Charnes et al. (1978), 

assuming constant returns to scale (CRS). In 1984, this model was extended to account for 

variable returns to scale (VRS) by Banker et al. (1984), giving origin to the model known as 

BCC.” (Marques and Carvalho, 2009).   

With this method we can define the model orientation. It can be input orientation, output 

orientation and non-oriented. In the input orientation the purpose is to get the minimum of inputs 

for a certain amount of outputs. While the output orientation objective is to increase outputs as 

keeping inputs constant. Moreover, the goal of non-oriented model is reduce inputs and 

increase outputs.  In spite of being applying both models (VRS and CRS) and all the orientation 

in this study, the base model assumes input orientation with the VRS model. 

The choice of inputs and outputs was a critical decision, not only for different variables originate 

different results, because the literature is scarce and it mainly focuses on container terminals 

efficiency, but also by the complexity of the port sector. The input and output variables should 

reflect actual objectives of each port. Capex, other operational costs and employees are 

assumed as inputs, while general cargo, dry bulk, liquid bulk and passengers are the outputs. 

We use this inputs according as the main objective of the seaports, reduce the costs and 

employee. On the other hand, we think that the best way to demonstrate the production of each 

port is with these variables as outputs.  

The sample comprises 57 ports from all the continents, including twenty one Iberian seaports. It 

is composed by ports from Portugal, Spain, Germany, Belgium, Denmark, Estonia, Finland, 

Greece, Netherland, Latvia, Norway, Russia, Slovenia, England, North Ireland and Scotland 

form Europe. From America were selected ports from Brazil, Chile and Canada. From Africa just 

Namibia, from Asia were chosen India and Singapore. Finally from Oceania, were selected 

Australia and New Zeeland. Table 3 shows the statistical properties of the data set.  
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Table 1 - Statistical Properties of the Data Set 

    
Minimum Maximum Average Std. Dev. Median 

Input      

 Capex (€) 30.800   150.623.000   19.457.435   25.352.914   11.637.724   

 Other operational costs (€) 672.011   247.417.733   26.939.564   42.855.820   11.153.283   

 Employees 16   4.150   542   807   221   

Output      

 General cargo (ton) 2.027   145.877.000   17.627.166   32.552.774   5.055.052   

 Solid bulks (ton) 3.145   129.915.848   12.024.300   24.273.988   3.294.804   

 Liquid bulks (ton) 0   194.003.000   11.414.245   26.828.713   3.021.663   

  Passengers 0   28.853.482   1.310.068   4.070.720   88.446   

5 – RESULTS 

Starting in the Iberian seaports, the only ports who were adopted as efficiency, with the VRS 

model, were Lisbon and Barcelona. Consider the inefficient seaports, the Portuguese seaport 

that obtained the best result was Sines, with an efficiency of 0,59, acquiring the 21th place at 

the ranking. On the other side, the one that had the worst result was Leixões on the 40th place 

at the ranking with 0,28. For Spain, the best result belongs to Algeciras, with an efficiency of 

0,68, ranking the 19th place. Finally, Vigo has the worse result, with an efficiency of 0,12 and 

ranking the 54th place. 

The other ports obtained as efficient were Antwerp, Rotterdam, Zeeland, Riga, Larvik, Aberdeen 

and Poole Harbour from Europe, who represent Belgium, Netherland, Latvia, Scotland and 

England. From America were Vitória, Chacabuco and Halifax, from Brazil, Chile and Canada. 

From Asia, Africa and Oceania, just Singapore, Melbourne and Hedland were obtained as 

efficient, represent Singapore and Australia.   

The next table represents the scores of the Iberian seaports, as well as the score the super-

efficiency and from the bootstrap model.  

Table 2 - VRS model, Super-efficiency, Peer Count, Bootstrap 

Base model Bootstrap 
Port 

VRS efficiency 

Super-
efficiency 

Peers 
Count Corrected 

efficiency 
Trust interval 

Aveiro 0,282 0,282 - 0,233 0,184 0,282 

Leixões 0,279 0,279 - 0,236 0,202 0,278 

Lisbon 1,000 infeasible 19 0,665 0,518 1,000 

Setúbal 0,490 0,490 - 0,401 0,319 0,489 

Sines 0,588 0,588 - 0,474 0,395 0,588 

Algeciras 0,676 0,676 - 0,500 0,411 0,675 

Alicante 0,178 0,178 - 0,142 0,116 0,178 

Baleares 0,364 0,364 - 0,273 0,211 0,362 
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Table 4 - VRS model, Super-efficiency, Peer Count, Bootstrap (Continuation) 

Base model Bootstrap 
Port 

VRS efficiency 

Super-
efficiency 

Peers 
Count Corrected 

efficiency 
Trust interval 

Barcelona 1,000 1,086 1 0,759 0,628 1,000 

Bilbao 0,415 0,415 - 0,317 0,260 0,415 

Cadiz 0,179 0,179 - 0,151 0,123 0,180 

Castello 0,485 0,485 - 0,407 0,346 0,484 

Coruna 0,485 0,485 - 0,397 0,335 0,485 

Gijon 0,194 0,194 - 0,154 0,118 0,194 

Huelva 0,430 0,430 - 0,338 0,291 0,429 

Las Palmas 0,334 0,334 - 0,271 0,231 0,334 

Malaga 0,218 0,218 - 0,180 0,146 0,217 

Pasajes 0,237 0,237 - 0,199 0,162 0,236 

Valencia 0,475 0,475 - 0,359 0,292 0,474 

Vigo 0,119 0,119 - 0,090 0,074 0,119 

Vilagarcia 0,658 0,658 - 0,526 0,419 0,658 

Antwerp 1,000 1,243 1 0,699 0,549 1,000 

Rotterdam 1,000 infeasible 2 0,661 0,518 1,000 

Zeeland 1,000 2,440 14 0,676 0,556 1,000 

Riga 1,000 2,281 28 0,684 0,569 1,000 

Larvik 1,000 2,004 14 0,701 0,595 1,000 
Poole 
Harbour 1,000 2,274 4 0,679 0,561 1,000 

Aberdeen 1,000 4,677 2 0,665 0,528 1,000 

Melbourne 1,000 1,321 3 0,700 0,561 1,000 

Hedland 1,000 infeasible 13 0,664 0,518 1,000 

Halifax 1,000 1,096 9 0,790 0,674 1,000 

Vitoria 1,000 1,769 13 0,695 0,572 1,000 

Chacabuco 1,000 4,033 25 0,667 0,532 1,000 

Singapore 1,000 infeasible 38 0,659 0,518 1,000 

 

This table shows that Lisbon, Rotterdam, Hedland and Singapore were infeasible with the 

super-efficiency model, as well as Aberdeen and Chacabuco obtained the highest values. 

Singapore, Riga, Chacabuco and Lisbon were the seaports with more peers in the sample, with 

38, 28, 25 and 19 respectively. According to bootstrap model, Halifax and Barcelona were the 

best practice, with the highest value of corrected efficiency.  

In this study was also applied the CRS model. The results obtained with this model were lower. 

While the VRS model obtained 15 efficiency ports, CRS obtained only 10, Lisbon, Antwerp, 

Zeeland, Riga, Aberdeen, Poole Harbour, Vitória, Melbourne, Hedland and Singapore. The 

differences between CRS and VRS are due to the fact that the CRS model despises efficiencies 

of scale, otherwise the results would be inconsistent.  
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6 – Conclusions 

6.1 General Conclusions 

With this analysis, according to the base model, we conclude that the Portuguese seaports 

have, on average, higher levels of performance then the Spanish in 2008. However, comparing 

the results with the model that excludes passenger traffic, the situation is reversed. The main 

reason is that Lisbon is a port which has the highest passenger traffic in the sample, so without 

this variable, the efficiency levels are now significantly reduced. Another analysis applied in this 

study greatly reduced the levels of efficiency of Portuguese ports was the DEA Bootstrap. The 

results verify that no Portuguese port is in the top ten efficient ports. 

If the inefficient Portuguese seaports had obtained an efficient performance, would have spared 

50.879 million Euros for Capex and other operating costs, and a total of 474 employees in 2008. 

As for Spanish ports inefficient, would have saved 269.739 of costs referred, and 2.833 

employees.  

As expected, the ports of northern Europe achieved the best results of the study. Netherlands, 

Belgium, Britain, Latvia, Australia, Chile and Singapore were the countries with the best results. 

Whereas other applications such as super-efficiency, peers count and bootstrap, model’s ports 

can be considered Rotterdam, Riga, Halifax, Chacabuco and Singapore. 

This paper has presented a DEA model to assess the performances of 57 world ports in 2008. 

The studies in the current paper consider three inputs (Capex, other operational costs and 

employees) and four outputs (general cargo, dry bulk, liquid bulk and passenger). Variable 

return to scale is also assumed. Analyzing the world ports with this approach, the efficient 

performers and the inefficient performers are identified. 

6.2 Further Research 

The main objective of this study was evaluating the performance of the Iberian seaports, 

comparing the results of the ports in these countries. However, it is difficult to draw global 

conclusions in terms of ranking between these countries, because the analysis is performed on 

each port and not to each country, and the sample comprised a larger number of ports in Spain 

than in Portugal. An interesting analysis, with the aim of analyzing the performance of the port 

sector in each country is determined by variables that can be identifying the sector as a whole. 

Considering the large number of ports in the sample, the results have a tendency, although not 

linear, to support the larger ports. To oppose this analysis can be performed several tests, 

depending on the size of the ports. The results of these tests may be interesting, it must take 

into account that not all ports have the same objectives. 

The costs used as inputs may not always represent reality. When a port is making a huge 

investment, it is natural that register higher costs during a period of years. A variable that can 

overcome this situation is the investment made, in this case analyzing the performance of ports 
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in the medium to long term, since the main objective of an investment in this sector is to 

increase the cargo handling, to appease the costs incurred in the past years. Another way to 

accomplish this review will evaluate the performance of ports in a larger time interval. 

Finally, it is suggested that we should study other variables deemed relevant for the 

assessment of performance, that can obtain a different and more realistic from each port and 

each country. These tests might lead to other results, with more specific conclusions. 
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