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This paper uses three different Malmquist Productivity Index (MPI) decompositions 

to measure Greek seaports’ productivity for the time period 2006,2010. In addition 

bootstrap techniques are applied in order for confidence intervals of the MPIs and 

their components to be constructed and therefore to verify if the indicated changes are 

significant in a statistical sense. Finally, a second stage nonparametric analysis has 

been applied identifying the effect of seaports’ size on their productivity levels. The 

results reveal that the number of terminals is a crucial determinant of seaports’ 

productivity levels. In addition it appears that the high length of Greek seaports has a 

negative influence on their productivity levels over the years.  

�

�

$��%������� Malmquist productivity index; bootstrap approach; nonparametric   

                        analysis; Greek seaports. 
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Various research papers have been devoted to the examination of the 

efficiency in the transport sector. Various approaches from simple performance 

indicators to Total Factor Productivity (TFP), Stochastic Frontier Approach (SFA), 

Data Envelopment Analysis (DEA) and Free Disposal Hull (FDH) models have been 

used in every transport sector like public transit, railways, airports, airlines and 

seaports. According to Gillen and Lall (1997), this growing interest has been 

motivated by the need to investigate the results of deregulation, privatization and 

commercialization. 

Seaports play a significant role in the world trade and development (Tongzon, 

2001). The assessment of seaport efficiency is of extreme importance because of the 

increasing competition they face (Cullinane et al., 2006) which in turn creates the 

need for better utilization of the available resources. Seaports are complex entities 

which combine sea and land operations. Cullinane et al. (2002) identify two types of 

ports, the comprehensive port which provides all the services and landlord port which 

provides only the basic services. They have analyzed a port function matrix which is 

an alternative way to distinct the types of seaports according to the services provided. 

Econometric models, SFA and DEA have been used to assess the efficiency of 

seaports. In their study, Roll and Hayuth (1993) apply a DEA model to measure the 

efficiency of twenty seaports. Tongzon (2001) investigates the efficiency of sixteen 

international seaports. The author utilizes a DEA model and uses land, labor, capital 

and delay time as inputs and cargo and ship working rate as outputs. The later is used 

as a measure of quality. Bonilla et al. (2002) employ DEA in order to measure the 

commodities traffic efficiency of the seaports in Spain. Commodities traffic efficiency 

refers to the time the product needs to reach the final costumer. Barros (2003) utilizes 
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DEA in Portuguese seaports and finds that the reform made by the authorities does 

not fulfil the targets.  

Similarly, Barros and Athanassiou (2004) compared the efficiency of seaports 

in Portugal and Greece and provided benchmarks. They have used labor and capital as 

inputs and ships, freight, cargo and containers as outputs. Cullinane et al. (2004) used 

a DEA window analysis in order to achieve more robust results. Estache et al. (2004) 

applied the Malmquist Productivity Index (MPI) to examine if seaport liberalization 

was a success in Mexico. The results verify the success of the reforms made. Finally, 

Cullinane et al. (2006) studied the top twenty ports in 2001 by using DEA and SFA. 

Additionally they have used the SFA approach and found that the size of the port is 

related to its efficiency levels. Manzano et al. (2008) employ an econometric model 

and argue that efficiency tends to rise when the autonomy of seaport rises. Gonzales 

and Trujillo (2008) apply a translog distance function in the top Spain seaports and 

find that the reforms made in seaport industry had a positive effect on their 

technological change. 

In contrast to those studies our paper measures seaports productivity by 

applying for the first time three different decompositions as has been introduced by 

several authors (Färe et al., 1994a; 1994b; Ray and Desli, 1997; Gilbert and Wilson, 

1998; Simar and Wilson, 1998a; Zofio and Lovell, 1998; Wheelock and Wilson, 

1999). As well the inference approach introduced by Simar and Wislon (1999) is also 

applied in order to construct confidence intervals for Malmquist productivity indices 

and their decompositions. Finally, a second stage analysis is carried out by applying 

nonparametric regression approaches aiming to establish how the size of the 

examined seaports has affected their productivity levels over the examined period.  
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The paper is structured as follows. Section two presents a brief literature of the 

efficiency based studies and the different models applied to measure the efficiency 

and productivity of transport units. Moreover, section 3 discusses the proposed 

methodology, whereas section four presents the data and our empirical. Finally, the 

last section concludes the paper.  

�
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In public transit industry, the government may consider two alternative 

scenarios to reduce cost, such as privatization or the improvement of management 

(Chu et al., 1992). Based on Hatry’s (1980) argument that efficiency and effectiveness 

should be examined separately in public organizations, Chu et al. (1992) constructed 

DEA models, one for efficiency and one for effectiveness, in order to assist public 

agencies to monitor and improve their management. While efficiency refers to the 

technical efficiency, effectiveness refers to the ability to use the outputs to fulfil the 

managerial targets (Hatry, 1980). Chu et al. (1992) use various expenses as inputs and 

vehicle hours of service as output for their efficiency model. For the effectiveness 

model the authors use as inputs the output of the previous model along with some 

exogenous variables such as population density and as outputs on their effectiveness 

model they use the number of passenger trips. 

Several studies apply DEA approach which is suitable for multiple input,

output cases. Chang and Kao (1992) study the efficiency of five bus firms in Taipei 

using as inputs capital, labor and fuel and as outputs vehicle kilometers, revenue and 

the number of bus trips. The authors find that private firms achieve better scores than 

public,owned firms. Nolan (1996) and Karlaftis (2003) employ the same variables as 

Chang and Kao (1992) at US bus transit. The aforementioned variables are also used 
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along with other variables by Kerstens (1996) who applies  a DEA model at French 

bus sector and finds that small firms have increasing while larger firms have 

decreasing returns to scale.  

Obeng (1994) by using labor, fuel and fleet size as inputs and vehicle miles as 

output finds that technical efficiency decreases with the size of the firm. Viton (1998) 

applies DEA and Malmquist productivity index to examine the efficiency of US bus 

transit and finds that there is a slight improvement in productivity over time. Cowie 

and Asenova (1999) examined the British bus sector after deregulation and 

privatization and found high levels of inefficiency. Odeck (2008) applied a DEA and 

Malmquist productivity index to examine the effect of mergers on the efficiency of 

the Norwegian public bus sector finding evidence that mergers boost efficiency. In a 

different study, Nozick et al. (1998) point out the problem of traffic congestion and 

analyze a DEA model to investigate which travel demand management policy deals 

with traffic congestion problem more effectively. 

However, it must be emphasized that the majority of the studies in the 

literature using various methodologies and approaches have concentrated in airline 

industry. Oum and You (1998) used a translog variable cost function to assess the 

competitiveness of the twenty two top airlines in the world, whereas Assaf (2009) 

applied SFA investigating if US airlines are in crisis. The results indicate a decline in 

efficiency scores. Schefczyk (1993) investigated the operational efficiency of fifteen 

airlines using a DEA model and found that high operational performance is a leading 

determinant of high profitability. Moreover, Peck et al. (1998) applied DEA to 

examine the strategies of aircraft maintenance, whereas Capobianco and Fernandez 

(2004) used a DEA model to examine the airline capital structure.  
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Scheraga (2004) examined the airline industry on the eve of the terrorist attack 

of September 11th 2001. The author investigated thirty eight airlines around the globe 

and concludes that the events had an effect not only on US airlines but also on other 

major airlines. Moreover, Scheraga (2004) argues that airline carriers need to have 

financial mobility in order to survive any unexpected event like a terrorist attack. The 

author for the analysis has used a DEA model with available ton,kilometers, operating 

costs and non,flight assets as inputs and revenue passenger and non,passenger 

kilometers as outputs. Finally, Chiou and Chen (2006) applied a DEA model to 

measure the cost efficiency, cost effectiveness and service effectiveness of fifteen 

Taiwanese airlines.  

Greer (2006) utilizes labor, fuels and seating capacity in a DEA model to 

produce seat miles as the only output. The author investigates fourteen US airlines 

and finds that low,cost carriers achieve better scores in technical efficiency. These 

findings are verified by Barbot et al. (2008) for international airlines. Greer (2008, 

2009) applies the same DEA model with Greer (2006) in US airlines. Greer (2008) 

also utilizes a Malmquist productivity index and finds a significant improvement in 

productivity over time. Greer (2009) uses a tobit regression in a second stage to study 

the driver factors of efficiency. The findings indicate that average aircraft size, 

average stage length and hubbing of the flights are significant factors while labor 

unions are an insignificant factor. Barros and Peypoch (2009) in their study found that 

demographics are an important factor for airline efficiency, while Quellette et al. 

(2010) noted the significance of deregulation. Merkert and Hensher (2011) underline 

the importance of aircraft size and the number of aircraft types on efficiency. They 

argue that firms with large and few aircraft families achieve better efficiency scores in 

terms of technical, allocative and cost efficiency. 
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A number of studies have also examined the efficiency of the airports which 

are considered as a determinant factor for the economic development (Sarkis, 2000). 

According to Adler and Berechman (2001) there are several factors an airline needs to 

address in order to choose an airport including delays, runway capacity, costs and 

traffic control. Parker (1999) examined the efficiency of British Aircraft Authority 

before and after privatization and found that privatization had no impact on  

efficiency. Parker (1999) used a DEA model with capital, labor, non,labor and capital 

costs as inputs and passengers, cargo and mail as outputs.  

Sarkis (2000) investigates the efficiency of forty four US airports by utilizing 

a DEA model with operational costs, labor, gates and runaways as inputs and 

operational revenue, passengers, cargo and general aviation movements as outputs. 

He argues that hub airports and airports which are not in a snow belt are generally 

more efficient. Adler and Golany (2001) developed a DEA model to determine which 

airports are more likely to become the main gateway for airline companies. 

Commenting on the DEA studies Adler and Berechman (2001) addressed the 

importance of a quality variable in a DEA model for airports. Finally, Sarkis and 

Talluri (2004) employed the same model with Sarkis (2000) and provided 

benchmarks for inefficient airports whereas, Barros (2008) used SFA to investigate 

the efficiency of Portuguese airports and reported that capital, prices, sales to planes, 

sales to passengers and aeronautical fee are the main determinant factors of 

efficiency. 
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Following Färe et al. (1994a) a multiple input and a multiple output at time 

( )

 - �can be defined as: 

( ){ }, :  can produce , 1,...,= =
 
 
 
 
 
 �- � � � �      (1) 

where at time 
   the input vector is indicated as ( )1 ,..., += ∈ℜ
 
 
 �

�� ��  and the output 

vector is indicated as ( )1 ,..., += ∈ℜ
 
 
 �

�� �� . Then the output sets with respect to 
�  

can be defined as: 

( ) ( ){ }: , , 1,...,= ∈ =
 
 
 
 
 
 
 �. � � � � -      (2) 

Additionally we assume that the output sets satisfy strong disposability, convexity and 

they are bounded and closed.  

Following Shephard (1970) production technology can be defined by an 

output distance function as: 

( ) ( ) ( ){ }
( ) ( ){ }( )

1

, inf : / b , 1,...,

sup : / , 1,...,

ϕ ϕ

ϕ ϕ
−

= ∈ =

= ∈ =


 
 
 
 
 



 
 


� 
 �


 �

� � � . �

� . �

    (3) 

where ( ]0,1ϕ∈  and ( ), 1≤
 
 
� � �  if and only if ( )( )
 
 

� . � . According to Färe et al. 

(1994b) the given inputs 
� are defined as the maximum proportional expansion of the 

outputs 
� . The value of ( ),
 
 
� � �  is given by /
 


�� � , where 

( ) ( ) ( ){ }Isoq : , , 1ϕ ϕ∈ = ∈ ∉ >
 
 
 
 
 
 
 
 
 


�� . � � � . � � . �  and is the frontier output. If 

( ), 1=
 
 
� � �  then the production is technically efficient.  

In addition we need to define the distance function in different period and in 

order to define Malmquist productivity index. This can be obtained similarly as: 
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( ) ( ) ( ){ }1 1, inf : / , 1,...,ϕ ϕ+ += ∈ =
 
 
 
 
 
� 
 �� � � . �
     (4) 

According to Caves et al. (1982) the output oriented Malmquist productivity 

index can be written as
1
: 
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 The geometric mean of the Malmquist productivity index can be defined as: 
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   (6) 

( )1 1, , ,+ +
 
 
 


�� � � � �  can take the values 1> (productivity growth), 1= (stagnation) or 

1< (decline) between the periods 
 and 1+
 . As explained by Grosskopf (2003, p. 

462) the Malmquist productivity index defined in (6) is linked to the average product 

notion since the distance functions are calculated under the assumption of constant 

returns to scale (CRS).  

The initial decomposition of the index was provided by Färe et al. (1994a) as: 
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   
 = × × 
    

= ΤΕ ×Τ 

� � � � � �
� � � �

� � � � � �

� � � � � � � �

                 (7) 

In equation (7) ‘ΤΕK’ measures technical efficiency change on the best practice 

whereas ‘ΤK’ measures the geometric mean of the magnitude of technical change. 

However the decomposition was made under the constant returns to scale (CRS) 

                                                 
1
 In the Malmquist productivity index decompositions we excluded the subscript ‘o’ from our notation 

since we are using the general definition of the output distance function. In addition the subscript ‘C’ 

indicates the technology of distance functions, which is calculated under assumption of constant returns 

to scale (CRS), whereas the subscript ‘V’ indicates calculation under the assumption of variable returns 

to scale (VRS). 
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assumption and best practice technologies may exhibit variable returns to scale (VRS) 

technologies. Even though this decomposition is widely used by researchers to 

measure productivity changes as suggested by Lovell (2003, p 443) this index 

measures inappropriately productivity since their productivity change measure is 

inappropriately defined on the best practice technologies, and in addition the scale 

effect component is missing.  

Therefore Färe et al. (1994b) redefined   ( )1 1, , ,+ +ΤΕ 
 
 
 


� � � � �  as: 
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 
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  

= ΤΕ ×  
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  (8) 

 

As can be realized from (8) ΤΕ �  measures under the VRS assumption the technical 

efficiency change whereas  �� measures the change in scale efficiency between the 

two periods. Therefore the Malmquist productivity index will take the form of: 
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                (9) 

However Ray and Desli (1997) provided a different decomposition of Malmquist 

productivity index
2
: 
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where: 

                                                 

2
 For an extensive analysis regarding the decompositions of Malmquist productivity index see Lovell 

(2003) and Grosskopf (2003). 
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Then the ‘scale change factor  � was decomposed as: 
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        = × 
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           (11). 

Finally, a third decomposition has been provided by several authors (Gilbert 

and Wilson, 1998; Simar and Wilson, 1998a; Zofio and Lovell, 1998; Wheelock and 

Wilson, 1999) defined as: 

( ) ( ) ( )

( ) ( )

1 1 1 1 1 1
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Whereas  and ΤKΤΕ  are the same as Ray and Desli (1997) definition in (10). 

Moreover,  ��  is defined as Färe et al. (1994b) decomposition in (8) and the final 

component ΒΤ � is the scale bias of technical change and can be defined as:  
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             (13). 

 

According to Lovell (2003, p.456) if scale efficiencies are different from the two 

technologies, then a scale bias exhibits in technical scale component. 
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Having 1,...,=� � seaports the frontier technology using data envelopment 

analysis (DEA) methodology can be defined as: 
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where ,ω � 
  indicates the intensity variable. In addition if , 1ω =∑ � 
  is added in (14) 

then the efficiency is calculated under the assumption of variable returns to scale. As 

analysed previously in order to calculate the Malmquist productivity index and its 

components four distance functions are needed to be calculated for ( ),
 
 
� � �  , 

( )1 1 1,+ + +
 
 
� � � , ( )1 1,+ +
 
 
� � � and ( )1 ,+
 
 
� � �  following the linear programming as in 

Färe et al. (1994b).  

Let ( )′� be a seaport, and then the four output distance functions reciprocal to 

Farell’s (1957) output,based technical efficiency measurements can be calculated as: 
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As such the distances ( )1 ,+
 
 
� � � and ( )1 1 1,+ + +
 
 
� � � can be calculated accordingly 

by changing 1+
  with 
  and additionally the variable returns to scale can be imposed 

by adding to the above linear programming problems the , 1ω =∑ � 
  restriction. 

Moreover, according to Simar and Wilson (1998b, 1999, 2000a, 2000b) the 

proposed bootstrap approach for constructing confidence interval for Malmquist 

productivity indexes and their decompositions can be applied. The aim of the 

following procedure is to estimate the population distribution of the Malmquist index 

(component) and thus to make possible to test hypotheses regarding the true 

parameter value (Hoff, 2006).   

Letting %

�� be the ‘true’ unknown index, 
∧
%

�� be the DEA estimate of index as 

indicated previously and *

,

%

� &�   to be the bootstrap estimates of the index as 

calculated following Simar and Wilson (1999), then the basic assumption for 

constructing the confidence intervals is that the distribution of 
∧

−% %

� �� � can be 

approximated by the distribution of *

,

∧

−% %

� & �� � . Therefore the values  and α αα& can 

define the ( )1 α− confidence interval as: 

, ,Pr 1αα α
∧ 

≤ − ≤ = − 
 

% %

� � � � �& � �                  (17) 

and can be approximated from the bootstrap values  and α αα
∧ ∧

& as: 
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*
, ,,Pr 1αα α

∧∧ ∧ 
 ≤ − ≤ = −
 
 

% %
� � �� & �& � �                 (18) 

Then the bootstrap estimate of the ( )1 α−  confidence interval for the �th Malmqusit 

index or its component can be given by: 

, ,αα
∧ ∧∧ ∧

− ≤ ≤ −% % %
� � �� � �� � � &                  (19) 

In this way for the �th seaport can be said that the Malmquist index (or/and its 

component) is significantly different from unity at %α  level if (19) does not include 

the value 1. 

�

������
�������
'���((��
��(�������
���)������
������
�
���
���������

Finally, a local linear estimator is applied in order to reveal the effect of 

seaport size on their obtained Malmquist productivity index and its components. 

Following Fan (1992, 1993) the local linear kernel model will have the form of: 

( ) ��� ��*� +−′+= βα                    (20) 

given that ��  can be seaport’s �  productivity measure (or its component) let �* be the 

variable(s) that determine seaport’s size, then by using the �* � −  instead of �*  the 

intercept equals to ( )�*�� �� = . If we fit the linear regression through the 

observations '�* � ≤−  this can be written as: 

( )( ) ( )'�*%�*� �

�

�

�� ≤−−′−−∑
=1

2

,
min βα

βα
                 (21) 

or setting 













−
=

�* �

�

1φ  then we have the explicit expression of: 



 15 

( )
( )

( ) ( )

( )( ) ( )( ) 







−Κ







 ′−Κ=









≤−







 ′≤−=








∑∑

∑∑

=

−

−

=

−

=

−

=

�

�

���

�

�

���

�

�

���

�

�

���

��*+�*+

�'�*%'�*%
�

�

1

1

1

1

1

1

1

1

φφφ

φφφ
β

α
⌢

⌢

              (22) 

In equation (22) ( ).Κ  represents the kernel function and '  the bandwidth (or 

smoothing parameter) calculated by the least squares cross,validation data driven 

method as suggested by Li and Racine (2004)
3
.   

/��0�
���	�������������	�������

Our analysis is applied on the main Greek seaports for the time period 2006,

2010 as has been reported by the Greek Seaport Authorities
4
. In addition for the 

construction of output distance functions two inputs and two outputs has been used. 

As described in table 1 the inputs used are total assets and number of employees and 

the outputs are number of passengers travelled and tonnes of merchandise. Moreover 

in order to examine how seaports’ sizes influence their productivity levels two 

variables have been used as a proxy of seaport size (i.e. seaports’ length and the 

number of terminals)
5
. 

!�#���)��#��
������

 In addition to table1, table 2 provides the average values of the MPI and its 

components following the three decompositions made over the examined time period. 

Looking at the average values of productivity (MPI) over the years we can conclude 

that only the time period of 2007,2008 the Greek seaports have been unproductive. 

But it must be mentioned that MPI index records the average product notion since it is 

                                                 
3
The selection of bandwidth '  is very critical for our nonparametric regression analysis because when 

∞→' (i.e. the smoothing is increased) the local linear estimator collapses to OLS regression of 

�� on �* .  
4
 Access to statistics regarding the main Greek seaports can be obtained from: 

http://www.elime.gr/index.php/2011,09,16,07,14,33 
5
 All the data can be accessed from Eurostat at 

http://epp.eurostat.ec.europa.eu/portal/page/portal/transport/data/database and from the Hellenic 

Statistical Authority at: http://www.statistics.gr/portal/page/portal/ESYE.  
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measured under the assumption of constant returns to scale (equation 6). However as 

has been suggested by Grosskopf (2003) the “true” underline technology can also 

exhibit variable returns to scale.  

 

!�#���): Descriptive statistics of the variables  
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Table 2 provides the 95% lower (LB) and upper (UB) confidence intervals 

bounds as has been introduced by Simar and Wilson’s (1999) bootstrap methodology. 

In addition table 2 provides seaports’ technical change under the assumption of 

constant (ΤKCRS) and variable (ΤKVRS) returns to scale. The technical change under 
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the constant returns to scale hypothesis (ΤKCRS) has been used  in the decomposition 

provided by Färe et al. (1994a, 1994b) measuring the geometric mean of the 

magnitudes of Greek seaports technical change along rays (equations 7,9) through 

different periods (i.e. t+1 and t ).  

As can be realized this measure does not correspond to the best practice 

technologies therefore as Färe et al. (1994b) explained two other components must be 

introduced. These are the technical efficiency change (ΤΕKVRS measured under best 

practice technology) and the change in scale efficiency (SΕK). The results reveal that 

during the periods 2007,2008 and 2008,2009 Greek seaports have increased technical 

efficiency change (above 1) and decreased their scale efficiency change (i.e. below 1). 

In addition when looking at the results for ΤKCRS we realize that seaports technical 

progress has been improved during the period of 2007,2008. But it must be noted that 

according to Lovell (2003) ΤKCRS does not capture correctly the shift in seaports’ 

frontier since it is calculated under the constant returns to scale.  

Under the decomposition introduced by Ray and Desli (1997) seaports’ 

technical progress is measured correctly by the factor ΤKVRS. The results reveal that 

Greek seaports have experienced technical progress under the periods 2006,2007 and 

2009,2010 and not as reported by the ΤKCRS during the period 2007,2008. According 

to Lovell (2003) and Grosskopf (2003) the MPI under the best practice technology is 

the product of  ΤKVRS and ΤΕKVRS.  

In addition a component or a ‘residual’ component (Grosskopf, 2003, p.466) is 

missing in order for the MPI under the VRS technology to be equal to the MPI given 

by the ratio of average product (i.e. under the assumption of CRS,as in our case). This 

component has been calculated by Ray and Desli (1997) and is the contribution of 

scale economies (SK), which measures seaports’ positive impact of expansion when 
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having non,constant returns to scale (i.e. when SK >1). Therefore SK reflects the 

contribution of scale economies on seaports’ productivity under the VRS technologies 

between two periods (equation 11). Thus the results reveal a positive contribution of 

scale economies to seaports’ productivity levels for the periods of 2006,2007, 2008,

2009 and 2009,2010.  

!�#���+: Descriptive  per period statistics of Malmquist index, components and 95% 

bootstrap confidence intervals 
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Finally, a similar scale bias component (SΒΤK) has been introduced by several 

authors (Gilbert and Wilson, 1998; Simar and Wilson, 1998a; Zofio and Lovell, 1998; 

Wheelock and Wilson, 1999) and represents the changes of seaports’ scale 

efficiencies between two periods (see equation 12,13). Therefore, if there are 

differences between the scale efficiencies between two periods then seaports’ 

technical change (ΤKVRS) exhibits a scale bias. According to Lovell (2003, p. 456) it 

measures the shift in seaports’ technical optimal scale between two period 

technologies and can contribute to or detract from productivity growth. The results 

reveal such contribution to seaports’ productivity growth for the periods 2007,2008 

and 2008,2009. 

Table 3 provides the average values of MPI index and its components as has 

been presented previously following the three decompositions. It also provides the 

results obtained following the bootstrap procedure by Simar and Wilson (1999) 

presented previously. Therefore, in the case of MPI it is reported that the seaport  

Igoumenitsa Port  Authority S.A. is productive over the years with an average 

productivity of 1.172. The asterisks indicate that the value obtained is statistically 

significant at 95% different from unity, following the bootstrap procedure presented 

previously.  

Furthermore, statistically significant differences from unity are reported for 

the seaports of Volos Port  Authority S.A., Lavrion Port  Authority S.A., Piraeus Port  

Authority S.A and Rafinas Port  Authority S.A. However, as can be realised these 

ports have reported to be unproductive over the time period of 2006,2010. In addition 

all the rest of the seaports are reported to have statistically insignificant productivity 

values at 95% indicating overall neutral productivity behaviour over the examined 

period. The ΤKCRS under calculated under the Färe et al. (1994a, 1994b) 
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decomposition reveals a statistical significant decline of Greek seaports technical 

progress under the examined period.  

More specifically the ports of Volos Port  Authority S.A., Eleusis Port  

Authority S.A., Iraklion Port  Authority S.A., Thessaloniki Port Authority  S.A., 

Kavala Central Port Authority S.A., Corfu Port  Authority S.A., Lavrion Port  

Authority S.A., Piraeus Port  Authority S.A. and Rafinas Port  Authority S.A. are 

reported to have statistically significant ΤKCRS values below unity indicating that they 

had a decrease on their technical change (under the assumption of CRS) over the 

years. However, when we account for the best practice technologies (i.e. under the 

assumption of VRS, ΤKVRS) the results reveal that five seaports have reported a 

decline and one seaport an incline of their technical progress over the years.  

Under the decompositions of Ray and Desli (1997) and several authors 

(Gilbert and Wilson, 1998; Simar and Wilson, 1998a; Zofio and Lovell, 1998; 

Wheelock and Wilson, 1999) the seaports with a decrease on their technical change 

are Alexandroupolis Port Authority S.A., Eleusis Port  Authority S.A., Corfu Port  

Authority S.A., Piraeus Port  Authority S.A. and Rafinas Port  Authority S.A. But the 

seaport of Igoumenitsa Port  Authority S.A. is the only seaport reporting an increase 

of its technical change over the examined period. Moreover, as it is reported three 

seaports have decreased their technical efficiency change (ΤΕKVRS) over the years. 

Under all the decompositions presented previously the seaports of Volos Port  

Authority S.A., Lavrion Port  Authority S.A. and Patras Port  Authority S.A. have 

decreased their technical efficiency change over the years, whereas the rest of the 

seaports are reporting to have a stagnated technical efficiency change level.  

Furthermore, under the decompositions of several authors (Färe et al., 1994b; 

Gilbert and Wilson, 1998; Simar and Wilson, 1998a; Zofio and Lovell, 1998; 
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Wheelock and Wilson, 1999) five seaports have reported positive change on their 

scale efficiency (SΕK) levels and three seaports a negative change. Following again 

the bootstrap approach by Simar and Wilson (1999) the seaports with a positive scale 

efficiency change are Volos Port  Authority S.A., Iraklion Port  Authority S.A., 

Thessaloniki Port Authority  S.A., Kavala Central Port Authority S.A. and Lavrion 

Port  Authority S.A. Similarly the ports with the negative change on SΕK are 

Alexandroupolis Port Authority S.A., Piraeus Port  Authority S.A. and Rafinas Port  

Authority S.A.  

Moreover, the SΒΤK factor according to Lovell (2003) represents the scale 

bias of seaports’ technical change over the years. It appears that four ports have 

values below unity with 95% statistical significance, indicating that the shift in their 

technically optimal scales has been detracted from their productivity growth. The 

seaports with a reported scale bias are Igoumenitsa Port Authority S.A., Iraklion Port 

Authority S.A., Thessaloniki Port Authority S.A. and Kavala Central Port Authority 

S.A. Finally, under the decomposition provided by Ray and Desli (1997) the scale 

change factor  (SK) indicates that only in the case of Lavrion Port  Authority S.A. a 

statistically significant positive contribution (1.327) of seaport’s scale economies on 

its productivity levels over the examined periods has been obtained. For all the other 

seaports it appears that their scale economies have a neutral effect on their 

productivity levels. 

Following Li et al. (2009) we apply a test of equality density functions defined 

over the MPI and its components between the examined periods. Additionally we 

have bootstrap methods for obtaining the statistic's null distribution and the least 

squares cross,validation method in order to smooth the MPI and its components as 

analytically described in Li et al. (2009). Under the null hypothesis the two 
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distributions examined are equal, whereas under the alternative the two distributions 

examined are not equal.  

�

!�#���,: Average values of Malmquist productivity index and its decomposition 

components 

 

 

Table 4 presents the results of the test obtained and the asterisks indicate the 

bootstrap �,���
� obtained under 1%, 5% and 10% significance levels. As it appears 

for the case of MPI we can realise that we cannot reject the null hypothesis of equality 

of seaports’ MPI distributions over the years. The same result applies also for the 

technical efficiency change (ΤΕKVRS), which indicates that seaports have the same 

ΤΕKVRS distribution over the years. In addition with the results revealed previously 

we can assume that over the years the policies’ imposed to the Greek seaports had 

insignificant effect on their productivity and efficiency change levels.  

In a similar manner it can be observed from the results presented in table 4 

that few are the cases where the distributions are not equal between the examined 

periods. For instance when looking at the ΤKVR we can realise that the distributions 

are not equal between the periods of  2006,07 and 2007,08, also between the 2008,09 

and 2009,10 and finally between 2007,08 and 2009,10, implying that seaports’ 

technical progress between those periods have changed. Similar results for rejecting 
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the null hypothesis at different statistical levels of significance are reported for some 

cases of SK, SΒΤK, ΤKCRS and SEK. 

�

!�#���/: Consistent density equality test for Malmquist productivity index and its 

components over the examined periods 
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 --/,-0�    1.083*  --/,-0�         2.785*** 

SΕ∆ S∆ 

������  --.,-/�  --/,-0�  --0,�-� ������  --.,-/�  --/,-0�  --0,�-�

 --1,-.� 0.195 ,0.357   ,0.959  --1,-.� 2.724 1.870      4.547 

 --.,-/�  ,0.196 0.926*  --.,-/�  ,1.252      2.376* 

 --/,-0�    0.818*  --/,-0�   3.658*  

SΒΤ∆ ��

������  --.,-/�  --/,-0�  --0,�-�  � � �

 --1,-.�  ,0.115* 1.708 ,0.249 �    

 --.,-/�  3.089 1.706 �    

 --/,-0�        0.827* ��       

666��9����	��:�"#""&#;�66��9����	�:�"#"*<�6��9����	�:�"#&�

 

 

Moreover, as presented previously we apply a local linear kernel regression in 

order to see how the size of seaports affected their productivity levels and their 

components. As a proxy of size we have used in our analysis two variables (seaport 

length,PL and the number of terminals,NB). Figure 1 presents graphically the 

combined effect
6
 of these two variables on the obtained productivity measures and its 

components. As can be observed the effect of seaports’ length (PL) is negative on  

�

�

�

                                                 
6
 In addition figure 1 presents the variability bounds of pointwise error bars using asymptotic standard 

error formulas (Hayfield and Racine, 2008). 
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productivity levels  

 

1a  1b  

1c  1d  

1e  1f  

1g  

 

 

 

 



 25 

their obtained productivity levels (i.e. when seaport’s length increases its productivity 

decreases). The same effect appears also in the case of seaports’ technical progress 

(both for CRS and VRS case), scale efficiency change, scale bias and for scale change 

factor. However a positive effect of seaports’ length on its technical efficiency change 

is observed.  

Finally, when examining the effect of number of terminals on seaports’ 

productivity over the examined periods, a positive effect for MPI, ΤK (both for CRS 

and VRS case) and for SΕK is recorded. As well it appears that seaports’ number of 

terminals has a neutral effect on seaports’ SK and SBTK levels. At the same time, it is 

observed that seaports’ terminal number has a negative effect on their technical 

efficiency change over the years. As a general result we can interpret the findings that 

number of terminals within a seaport is more important than seaport’s absolute length. 

�

2��(�	������	�

The paper contributes to the existing literature in two distinct ways. First and 

in respect to methodologies applied, to our knowledge is the first study applying three 

different decompositions of Malmquist productivity indexes as has been introduced 

by several authors (Färe et al., 1994a; 1994b; Ray and Desli, 1997; Gilbert and 

Wilson, 1998; Simar and Wilson, 1998a; Zofio and Lovell, 1998; Wheelock and 

Wilson, 1999).  In addition we apply the bootstrap approach (Simar and Wilson, 

1999) on the obtained MPI and its components in order to verify if the indicated 

changes are significant in a statistical sense or if there are products of sampling noise.  

The second contribution of the paper lies on the application of a real case 

study in the case of Greek seaports. The productivity and its components are 

calculated for the period of 2006,2010 and in a second stage analysis using a local 
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linear kernel model the effect of their sizes on the obtained productivity levels is 

calculated. The results reveal that there are several productivity disparities among the 

Greek seaports.  

Under different decompositions it appears that the Greek seaports suffered 

from stagnation of technological progress over the years. At the same time, the 

empirical findings from these different decompositions indicate that Greek seaports’ 

scale effects have caused their productivity to decrease over the years. Finally, the 

second stage nonparametric analysis revealed that Greek seaports’ length has a 

negative effect on their productivity growth, whereas the number of terminals has a 

positive effect.      
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