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1. Introduction
IInternational trade has grown 140 times in the past 150 
years [1]. The growth in world trade has increased the need 
for cargo transportation capacity, and accordingly, shipping 
and world trade have developed together. Energy, mining, 
agriculture and forestry are the largest production industries 
of the world economy [2]. Transportation solutions are 
produced according to changing parcels depending on the 
transportation of raw materials or processed goods, and 
maritime trade is at the center.
Due to China’s and East Asia’s economic and industrial 
growth, this region is now the hub of global trade, forcing 
major shipping companies to adapt their business models to 
the conditions of this region and leading to the improvement 
of global maritime network [3]. Although ship design, 
technology, customer profile, etc. have changed throughout 
history, the basic principles of maritime trade have not 
changed. It can be stated that the analysis of the future in 
shipping industry, where success is achieved especially 

in periods when world political dynamics are balanced, is 
based on the both economic and geopolitical environment.
Comparing the maritime trade performance in terms of 
their characteristics is significant for countries. In order to 
get a larger share from the world trade, it is necessary to 
follow the competitive conditions. As the distance between 
countries decreases, competition between countries has also 
intensified due to overlapping hinterlands. The privatization 
of port operations, especially with the widespread use of 
container shipping, has an important role in increasing the 
competition [4-6]. In this context, ports have a vital place in 
determining the maritime trade performance of countries. 
Specifically, ports are the areas where the connection 
between foreland and hinterland is provided, where cargo 
is collected and consolidated, and where many value-added 
activities are carried out within industrial and logistics 
processes [7]. Today, work force is replaced by machinery 
and equipment at every stage of the work carried out in 
the ports, and depending on technological development; 
ports offer safer, modern, faster and more economical 
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services. Accordingly, the following research questions are 
investigated in this study: 
i. What are the importance levels of the factors affecting 
countries’ maritime trade performance and how have they 
changed over the years?
ii. According to the determined importance levels, what is 
the performance ranking of the countries and how has it 
changed over the years?
Among the various initiatives to determine the position of 
countries in maritime trade, data on port calls shared by 
the United Nations Conference on Trade and Development 
(UNCTAD) provide important information on data on port 
calls and performance that give an overview of the attributes 
of the ships and the duration they stayed in national ports 
throughout a given time period. In order to answer the 
above-mentioned questions, the importance levels of 
various performance indicators in the UNCTAD database of 
the 20 countries with the highest number of port calls were 
determined by Criteria Importance Through Intercriteria 
Correlation (CRITIC) method, one of the multi-criteria 
decision-making methods, taking into account the years 
2018-2022, and using the VIšeKriterijumska Optimizacija 
I Kompromisno Resenje (VIKOR) technique, the countries’ 
performances were ranked in relation to the specified 
importance levels.
The originality of this study has two strands. First, it 
provides a data-driven perspective for countries’ maritime 
trade performance by answering the research questions 
considered. Secondly, by taking into account the last 5-year 
period in which developments such as the COVID-19 
pandemic, trade wars between the US and China, the Russia-
Ukraine war, the emergence of alternative supply chains, 
increased regulations on climate change, and the blockage 
of shipping corridors have been intensively experienced, the 
time-dependent change of performance indicators and the 
response of countries to this change have been dynamically 
revealed in this study.
This paper is structured as follows: The review of the 
literature on ports and maritime trade is presented in 
section two. The data set and methods utilized in the study 
are described in Section 3; the findings and an in-depth 
overview are presented in Section 4. The conclusion of this 
study highlights its limitations, implications, and future 
research recommendations.

2. Literature Review
The success of the global supply chain depends on efficient 
port operations since they serve as essential bridges 
between countries. It is critical to comprehend the complex 
relationship between port call activities and a nation’s 
overall success as the economic landscape changes. The 

purpose of this literature review is to summarize the state of 
the art about this intersection, with a particular emphasis on 
ports and maritime trade performance. A thorough analysis 
of the body of research indicates that port efficiency and 
maritime trade performance are the two primary areas of 
focus. Researchers have carefully examined these elements 
on their own, offering insightful information about the 
efficiency of ports’ operations and how it affects a nation’s 
economic position. Still, in order to fully understand the 
complex relationships that exist between port call activities 
and overall performance of countries, a synthesis of different 
viewpoints is necessary.
As Owen [8] noted, a port is seen as a country’s trading 
gateway; the more open the gate and the smoother 
the route, the greater the trade advantage to a country 
[9]. Supporting this point, various evidence has been 
presented that there is a linear relationship between the 
port efficiency and countries’ maritime trade performance. 
From the holistic perspective, Santhi and Setyari [10] 
investigated the effects of “Trade Facilitation”, which 
means the simplification of countries’ international trade 
activity processes, on the export performance of six ASEAN 
countries. Among the various indicators used to measure 
Trade Facilitation, it was suggested port efficiency positively 
affected countries’ export performance. As emphasized 
by Dick [11], an efficient port infrastructure has a positive 
impact on increasing the trade volume of countries as 
well as expanding the range of traded products. It can also 
contribute to reducing inflationary pressure due to reduced 
logistics costs and facilitating access to products. Wilson et 
al. [12] argue that gains in port efficiency have a significant 
and positive influence on the ability of a country for trade. 
Among their findings is that a 50% improvement in Trade 
Facilitation led to an increase of USD 254 billion in intra-
APEC trade, half of which was due to an increase in port 
efficiency.
Similar results are observed when country-based studies 
are analyzed. Sant’ Anna and Kannebley Júnior [13], who 
examine the relationship between port efficiency and 
exports in Brazil and consider port time as an indicator of 
port infrastructure quality, find that every 10% decrease in 
the port time of ships provides a 1% increase in exports. 
Similarly, the study by Jordaan [14] emphasized that port 
efficiency has a positive contribution to exports.
While significant progress has been made on port efficiency 
and trade performance, there is still a significant gap in 
combining these perspectives, particularly in light of factors 
affecting maritime trade, and in cross-country comparative 
analysis. This study designates the gap as the central focus 
of our investigation, with the goal of providing quantitative 
proof and a detailed comparative assessment to enhance 
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the link about port call and maritime trade performance of 
countries.
The approach utilized in this study is applied for performance 
evaluations across several business fields and countries. For 
instance, CRITIC method was used by Diakoulaki et al. [15] 
on performance measurement of pharmaceutical companies, 
Wu et al. [16] on urban rail transit operation safety of 
Beijing (China) Railways, Jati et al. [17] on components 
influencing a website’s search engine exposure as well as 
the visibility ranking of the indicators influencing it. Deng 
et al. [18] applied CRITIC and Entropy to evaluate financial 
performance of textile companies. VIKOR method also was 
used by Opricovic and Tzeng [19] on fuel choice for public 
transport and Paksoy [20] on determining the performance 
and development levels of Türkiye and European countries. 
Perçin and Çakır [21] investigated logistics companies by 
using CRITIC, VIKOR, TOPSIS, SAW, BORDA methods. To 
the best of our knowledge, since there has never been any 
prior research on port calls and countries’ performance 
assessments, the major goal of this study is to add something 
new to the existing collection of knowledge in this field.

3. Data and Methodology
This section introduces the data set and methodology used 
in the study. In this context, the database from which the 
data are obtained, the countries analyzed and port call and 
performance indicators are explained. The CRITIC technique, 
which establishes the significance levels of performance 
indicators, and the VIKOR technique, which ranks national 
performance, and the BORDA Census Technique used to 
make a holistic assessment covering the years 2018-2022 
are discussed.
UNCTAD established in 1964 with the aim of enabling more 
prosperous member countries to benefit less developed 
countries supports the sustainable development efforts 
of developing countries in terms of trade, finance and 
technology. UNCTAD makes available a free-to-use database 
called UNCTADstat. The UNCTADstat database contains 
various datasets on population, economy, trade, technology 
and transportation. In this study, data on port call and 
performance statistics were used. The data covers the 
years between 2018 and 2022. The aim here is to evaluate 
the countries’ port call and performance between 2018 
and 2022 separately for each year and ultimately to make 
a common and single assessment covering all years. Since 
UNCTADstat publishes data on the 20 countries with the 
highest number of calls, the measurement and comparison 
of performance is carried out for these countries that are 
illustrated in Table 1. In terms of total carrying capacity, 
the 20 countries considered in this study control 65% of 
the world merchant fleet according to UNCTADStat. This 

ratio proves that these countries carry the majority of 
global merchandise and shape its trade. Also, countries 
elected to the Council of the World Maritime Organization 
(IMO) are classified as category (a), which includes the 10 
States with the largest interest in providing international 
shipping services, category (b), which includes 10 States 
with the largest interest in international seaborne trade, 
and category (c), which includes 20 States not elected under 
(a) or (b) above, which have special interests in maritime 
transport or navigation and whose election to the Council 
will ensure the representation of all major geographic areas 
of the world. Since eight of the twenty countries considered 
in this study are in Category (a), seven in Category (b) 
and three in Category (c), it can be stated that they have a 
significant share in world maritime activities and represent 
the industry in general.
Six indicators as depicted in Table 2 are used in the study 
to measure the performance of the countries. Although it is 
possible to include subjective factors consisting of the views 
of relevant stakeholders in addition to the objective factors 
discussed in this study when evaluating the performance 
of countries, subjective factors are not included since this 
study aims to measure maritime trade performance through 
analytical methods based on an objective paradigm rather 
than a subjective one. It is of course possible to evaluate 
maritime trade performance using different objective 

Table 1. Countries considered in the study
Germany Spain

United States of America (USA) Sweden

Australia Italy

United Kingdom Japan

China Canada

Denmark Republic of Korea

Indonesia Norway

France Russian Federation

Croatia Türkiye

Kingdom of the Netherlands Greece

Table 2. Indicator codes, units of measurement and directions
Indicator 

code Indicator Unit Direction

G1 Median time in port Day Cost (-)

G2 Average age of vessels Year Cost (-)

G3 Average size of vessel GT Cost (-)

G4 Average cargo carrying capacity 
per vessel Dwt Cost (-)

G5 Maximum cargo carrying 
capacity of vessels Dwt Benefit (+)

G6 Maximum size of vessels GT Benefit (+)
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indicators. However, the indicators used in this study are 
the group of indicators whose data are available for the 
countries included in the scope of the assessment. The 
fact that these indicators are worth following by UNCTAD 
supports the fact that these indicators are objective 
determinants of fleet performance. In this study, it is aimed 
to measure the world maritime trade performance through 
the existing set of variables.
Median time in port (days): It is the average number of days 
that ships spend within the port borders. The reasons of 
waiting at ports could be; congestion, strikes or relocation 
of ships or traffic problems in ports [22]. These problems 
pose a problem for the carrier and the shipper. The fact that 
the ship spends less time in port compared to the time it 
spends at sea can be characterized as a cost factor. Among 
these cost factors, minimizing the costs of services such as 
maintenance-repair, accommodation and terminal can be 
expressed as a goal of carriers [23].
Average age of vessels (years): Ship age is one of the most 
important characteristics of ships. The age of a ship is 
calculated as of the date of delivery to the shipowner by the 
shipyard where it was built. Insurance, flag and classification 
society certificates should be issued according to that date 
[24]. As the ship ages, structural elements should also be 
updated. Another significant factor influencing the frequency 
of ship collision is ship age. An old ship is more likely to be 
involved in a collision due to structural failure [25]. In this 
study, the average age of the ships calling at the country’s 
ports during the period was taken into consideration.
Average size (GT) of vessels: It shows the total volume of 
indoor spaces of the ships calling at the country’s ports 
during the period. 
Average cargo carrying capacity (dwt) per vessel: It is the 
value found as a result of subtracting the empty ship weight 
from the loaded displacement of the ship. This weight 
includes cargo, fuel, fresh water and ballast water etc.
Maximum cargo carrying capacity (dwt) of vessels: This 
indicator includes the deadweight tonnage of the ship with 
the highest deadweight tonnage that called at any of the 
country’s ports at least once during the period.
Maximum size (GT) of vessels: This indicator includes the 
value of the ship with the highest gross tonnage that called 
at any of the country’s ports at least once during the period.
UNCTAD only considers arrivals to measure the total 
number of ships calling at a port, and passenger ships and 
Ro/Ro ships are not included in the calculations [26]. In 
performance measurement, it should be decided whether 
the indicators considered in the study are cost-oriented or 
benefit-oriented. Accordingly, if an upturn in an indicator’s 
value corresponds to better performance, that indicator 

is determined as benefit-oriented. If an indicator’s value 
declines and performance increases as a result, that indicator 
is determined as cost-side. In this context, the abbreviations, 
measurement units and directions of the indicators used in 
the study are shown in Table 2.

3.1. The CRITIC Method
CRITIC as an objective weighting method developed by 
Diakoulaki et al. [15] in 1995 is frequently used by the 
analysts [27].

The method provides an objective calculation by using the 
values of the indicators in the initial decision matrix instead 
of the subjective evaluation of the decision makers. When 
calculating the importance weights of indicators, each 
indicator’s standard deviation and correlation coefficients 
with other indicators serve as the foundation [28]. Thus, the 
variability of the indicators, the degree and direction of the 
relationship between the indicators determine the indicator 
weights used in the problem.

Calculation of the CRITIC method consists of 4 steps [15]:

Step 1: The initial decision matrix is developed. In the   
X  ij    element in the matrix, it corresponds to the values of i 
alternatives and j indicators. When the decision matrix is 
being developed, the first decision matrix with n possibilities 
and m indicators is formulized as follows:

 
(1)

Step 2: With the normalization process from the initial 
decision matrix, the benefit and cost values of the indicators 
were obtained by Equations (2) and (3), respectively, as 
follows.

 
(2)

 
(3)

Where, the indicator’s normalized value j belonging 
to alternative I is shown as   r  ij   .   X  j  

max   and   X  j  
min   denotes, 

respectively, the highest and lowest values of indicator j.

Step 3: Relationship coefficients are obtained from 
normalized matrices. The correlation coefficient between 
two indicators is calculated as pjk as in (4).
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(4)

The standard deviation of j indicators is shown in Equation 
(5). To determine the contrast between indicators, the total 
amount of information carried by indicator j was calculated 
with   C  j    in Equation (6).

 
(5)

 
(6)

Step 4: In this step, the indicator weights denoted by wj are 
obtained from the degree of information and the correlation 
coefficient calculated for each indicator as follows:

 
(7)

The order of importance of the indicators is determined 
according to the height of the   w  

j
    value obtained.

3.2. The VIKOR Method
VIKOR technique is developed for multi-criteria decision 
optimization of multi-criteria complex systems based on 
finding the closest reasonable solution to the ideal solution 
by focusing on sorting and choosing between alternatives 
with different weights [19,29]. In this method, the initial 
weight, benefit and cost aspects of the indicators must be 
known. The VIKOR method is calculated in 7 steps as follows 
[19,30].
Step 1: In the decision matrix X, the indices I and j refer to 
the alternatives and indicators, respectively.

 

(8)

Step 2: Using the elements in the decision matrix, j to 
show the (  f  j  

*  ) best and (  f  j  
−  ) worst values for each indicator. 

Benefit-oriented values from the indicator are calculated 
with Equations (9) and cost-oriented values (10).

 
(9)

   
 (10)

Step 3: Normalization operations are carried out using 
the benefit-cost values of the decision matrix. The values 
normalized of   r  ij    are acquired from (11) as following.

  
(11)

The R normalized matrix from rij values, where i=1,2,3,…, n 
and j=1,2,3,…, m, is shown as follows:

  
(12)

Step 4: V decision matrix; The weighted normalized matrix’s 
elements are employed to calculate it, as demonstrated in 
the equation as follows.
  𝓋  ij   =  r  ij    w  ij   , where  ∑  w  ij   = 1  represents the relative weights 
of the indicators.

 
 (13)

Step 5:   S  
i
   ;  i . The total indicator value of the alternative and   R  

j
   

;  j . To show the value of the maximum indicator, the largest 
value of the weighted normalized matrix   max  

j
    𝓋  

ij
    is calculated 

as follows.

  
(14)

Step 6: The min and max values of   S  i    and   R  j    are obtained 
respectively as follows.

  

(15)

  Q  i    values for the ranking of alternatives are calculated as 
follows:

  
(16)

The q value in (16) shows the weight of the option that 
maximizes group advantage. (1-q) is defined as the strategy 
weight that ensures regret in opposing views. When the q 
value is selected (>0.5), it indicates that the majority tends 
to have a positive attitude towards the   Q  i    index, and when 
(<0.5) is selected, it indicates that the majority shows a 
negative attitude towards the   Q  i    index. In studies, q=0.5 
is generally chosen. In other words, it is assumed that the 
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experts receiving the evaluation display a conciliatory 
attitude [31].
Step 7: The obtained   Q  i  ,  S  i    and   R  j    values are sorted from 
smallest to largest. The optimum option is identified as the 
one with the lowest   Q  i    value. But in order for this outcome 
to be legitimate, two requirements need to be fulfilled. 
These conditions are;
Condition 1 (Acceptable advantage): This requirement 
entails demonstrating that the best and options that 
are most similar to the best differ significantly from one 
another. While  Q (P1)   is the lowest first alternative;  Q (P1)    
is the second lowest alternative. The  DQ  value is obtained 
as follows.

  
(17)

Condition 2 (Acceptable stability): A high score for at least 
one of the S and R values of the option with the best Q value 
is required to demonstrate the stability of the compromise 
solution. If one of the two specified conditions is not met, 
the compromise solution set is proposed as follows:
• If the 2nd condition is not met, P1 and P2 alternatives,
• If condition 1 is not met, the inequality is reviewed as 
follows, taking into account the alternatives P1, P2,… PN.

  
(18)

The compromise solution set is sorted according to Q values. 
One of the options with the lowest Q value is the best option, 
as determined by Q values.

3.3. BORDA Counting Method
BORDA Counting Method, one of the most used voting 
techniques in social election theory, emerged in 1784 with 
the work of Jeans-Charles de Borda. It is a method that 
does not ensure that units are ranked according to their 
preference scores in social selection problems [32]. Units 
are ranked according to the board score calculated from the 
rankings determined by the decision makers. In addition, 
since BORDA Counting Methods are known as a data fusion 
technique, it allows creating a more realistic ranking result 
by combining two or more ranking lists.
In this method, which is based on selecting the decision 
units most suitable for the purpose, The most desired 
option among n choices receives (n-1) points, the second 
most preferred receives (n-2) points, and the least preferred 
receives 0 points in the calculation of board scores. With 
these obtained scores, the best unit is determined by ranking 
them from largest to smallest [33]. In the calculation of the 
BORDA Counting Method; The formula used to represent 

  B  i  
k  , k value represents the classifier, and the i value 

determined by the classifier represents the rank given to 
the unit [33].

  
(19)

4. Findings
In this section, firstly, performance indicators are weighted 
for each year between 2018 and 2022 employing CRITIC 
method and the importance weights (weight coefficients) of 
the indicators are determined. Secondly, using the weights 
obtained from the CRITIC method, countries are ranked and 
compared according to their performance using the VIKOR 
method.

4.1. Determination of Importance Weights with 
CRITIC Method
The importance weights of the performance indicators were 
determined by following the previously given steps of the 
CRITIC technique. In Table 3, the standard deviation, amount 
of information and weight coefficient of each indicator 
values for the time period considered are calculated. The 
indicator with the highest importance weight for 2018 is 
the Maximum size (GT) of vessels (22.42%) indicated by 
G6, while the indicator with the lowest importance weight 
is the Average cargo carrying capacity (dwt) per vessel 
(13.34%) indicated by G4. In 2019, the most important 
indicator and the least important indicator are the same as 
in 2018. Maximum size (GT) of vessels (20.75%), denoted 
by G6, has the highest importance weight, Average cargo 
carrying capacity (dwt) per vessel (12.61%), denoted by 
G4, has the lowest importance weight among the indicators. 
The most striking change was in the indicator Maximum 
cargo carrying capacity (dwt) of vessels denoted by G5. This 
indicator was ranked 5th in terms of importance in 2018 
and 2nd in 2019. The difference in 2020 results from 2019 is 
that the importance rankings of the Average age of vessels 
(years) indicator denoted by G2 and the Average size (GT) 
of vessels indicator denoted by G3 have changed places. In 
2020, as in the previous two years, Maximum size (GT) of 
vessels (20.75%), denoted by G6, has the highest importance 
weight, while Average cargo carrying capacity (dwt) per 
vessel (12.61%), denoted by G4, has the lowest importance 
weight among the indicators. Looking at the 2021 fleet 
performance indicators’ weight coefficient values, different 
rankings are observed in importance weights compared to 
previous years. While the indicator Maximum size (GT) of 
vessels denoted by G6 was the indicator with the highest 
importance weight in all of the previous three years, this 
indicator was replaced by the indicator Maximum cargo 
carrying capacity (dwt) of vessels denoted by G5 (19.83%) 
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in 2021. As in the previous three years, the Average cargo 
carrying capacity (dwt) per vessel indicator denoted by G4 
is the indicator with the least importance weight (12.32%) 
among the other indicators in 2021. 

The position of the indicator with the lowest importance 
weight, Average cargo carrying capacity (dwt) per vessel 
(12.78%), denoted by G4, has not changed in 2022. However, 
the indicator Maximum cargo carrying capacity (dwt) of 
vessels, denoted by G5, which had the highest importance 
weight in the previous year, ranked fourth in terms of 
importance in 2022. Unlike previous years, the indicator 
with the greatest weight of significance in 2022 was the 
Average age of vessels (years) (21.40%) denoted by G2.

When the changes in the importance levels of the indicators 
over the years are analyzed, it is seen that the least important 
indicator is the Average cargo carrying capacity (dwt) per 
vessel for all years. The importance of the Maximum size 
(GT) of vessels indicator has decreased over the years. In 
addition, the importance of the Maximum cargo carrying 
capacity (dwt) of vessels indicator increased in 2019, 2020 
and 2021, and the Average age of vessels (years) became 
the most important indicator in 2022.

4.2. Ranking of Countries with VIKOR Method
Applying the importance weights that the CRITIC technique 
provided, the performance of the countries between 2018-
2022 was ranked and compared with the VIKOR method. 
As mentioned before, there are two conditions necessary 
for the VIKOR method results to be valid. The option with 
the highest Q value ranking is suggested as an acceptable 
compromise if the requirements are achieved [34]. 
For all years, it was observed that the conditions detailed in 
the methodology section were met. It was also observed that 
a compromise solution was reached when the “q” value was 
taken as 0.5. Therefore, interpretations and rankings are 
based on q=0.5. Table 4 illustrates the calculated   Q  i    values 
for the countries considered. A low   Q  i    value indicates high 
performance. Table 4 shows that Japan, the Netherlands, 
and Germany are generally among the best performers on 
a consistent basis, while Australia, Russian Federation and 
Croatia are among the worst performers. The rankings for 
each year are shown in Table 5.

4.3. Ranking of Countries by Borda Counting Method
The Borda counting method is the last stage of the study and 
was used to obtain a single ranking by combining the values 
obtained for the five years of the CRITIC-based VIKOR 
method analyzed. The findings are shown in Table 5.
The integrated ranking was calculated by obtaining the 
VIKOR method rankings and Borda scores of the countries 
in Table 5 for the years 2018-2022. In this ranking, Japan 
ranked first, Netherlands second and Germany third. 
Considering that the factors that cause the importance of 
indicators to change are the developments in the world, 
the change in country rankings over the years should be 
read from this perspective. Within the context of this study, 
both the performances of the countries and the indicators 
affecting their performances are comparatively shown in 
Table 6. Thus, it is revealed how country performances are 
affected by changes in the importance of indicators.
The importance levels of indicators change from year to 
year due to the international conjuncture and shocks such 
as pandemics. In this case, countries need to achieve an 
agile structure in terms of all indicators. For example, in the 
transition from 2021 to 2022, when the maximum cargo 

Table 3. Standard deviation of indicators, amount of information 
(Cj) and weight coefficient (wj) values for the year 2022

Indicator Year σ Cj wj %wj Ranking

Median 
time in 

port (G1)

2018 0.306 1.026 0.148 14.88% 4

2019 0.316 1.097 0.149 14.94% 5

2020 0.281 1.007 0.129 12.92% 5

2021 0.292 0.97 0.135 13.57% 5

2022 0.305 0.975 0.134 13.40% 5

Average 
age of 

vessels 
(G2)

2018 0.258 1.096 0.158 15.89% 3

2019 0.272 1.172 0.159 15.97% 4

2020 0.318 1.373 0.176 17.61% 3

2021 0.301 1.237 0.173 17.32% 4

2022 0.317 1.536 0.214 21.40% 1

Average 
size of 

the vessel 
(G3)

2018 0.249 1.302 0.188 18.87% 2

2019 0.245 1.3 0.177 17.72% 3

2020 0.248 1.303 0.167 16.72% 4

2021 0.255 1.262 0.176 17.67% 3

2022 0.267 1.277 0.183 18.31% 2

Average 
cargo 

carrying 
capacity 

per vessel 
(G4)

2018 0.24 0.92 0.133 13.34% 6

2019 0.239 0.925 0.126 12.61% 6

2020 0.239 0.919 0.118 11.80% 6

2021 0.238 0.88 0.123 12.32% 6

2022 0.236 0.894 0.127 12.78% 6

Maximum 
cargo 

carrying 
capacity 

of vessels 
(G5)

2018 0.23 1.006 0.145 14.59% 5

2019 0.272 1.32 0.179 17.98% 2

2020 0.265 1.437 0.184 18.44% 2

2021 0.279 1.417 0.198 19.83% 1

2022 0.259 1.126 0.159 15.91% 4

Maximum 
size of 
vessels 

(G6)

2018 0.349 1.546 0.224 22.42% 1

2019 0.354 1.523 0.207 20.75% 1

2020 0.359 1.753 0.224 22.49% 1

2021 0.33 1.376 0.192 19.26% 2

2022 0.304 1.275 0.181 18.17% 3
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Table 4. Time dependent variation of  values of countries
Qi  values

Country 2018 2019 2020 2021 2022

Japan 0 0 0.099663 0 0.039967

Netherlands 0.100274 0.094595 0.031141 0.057888 0.010035

Germany 0.130046 0.162475 0.115662 0.158235 0.273513

Denmark 0.145359 0.623183 0.580787 0.70822 0.498661

Greece 0.195612 0.29214 0.553602 0.71398 0.389771

Spain 0.202752 0.207294 0.416274 0.53489 0.12997

United Kingdom 0.273869 0.278804 0.153919 0.20725 0.187671

Republic of Korea 0.311406 0.282615 0.216903 0.239464 0.14806

France 0.398051 0.42579 0.257965 0.344361 0.29172

Norway 0.450015 0.469943 0.493658 0.15876 0.069681

Sweden 0.520954 0.68173 0.332439 0.365805 0.542618

Italy 0.531819 0.586731 0.577297 0.710261 0.750567

USA 0.540871 0.621283 0.498077 0.626477 0.789911

China 0.603413 0.564735 0.44689 0.567589 0.536055

Croatia 0.660743 0.845586 0.816843 0.713887 0.589903

Canada 0.660791 0.674271 0.681384 0.656198 0.653487

Russian Federation 0.696667 0.775659 0.791723 0.947166 0.944444

Türkiye 0.697671 0.596991 0.520783 0.385308 0.582929

Australia 0.850066 0.87809 0.870261 0.866053 0.844496

Indonesia 0.89129 0.631204 0.619282 0.545238 0.40753

Table 5. VIKOR and BORDA ranking for 2018-2022
VIKOR ranking BORDA total 

points
BORDA 
ranking2018 2019 2020 2021 2022

Germany 3 3 3 3 7 81 3

USA 13 13 11 13 18 32 14

Australia 19 20 20 19 19 3 20

United Kingdom 7 5 4 5 6 73 4

China 14 10 9 12 12 43 11

Denmark 4 14 15 15 11 40 12

Indonesia 20 15 16 11 10 28 16

France 9 8 6 7 8 62 8

Croatia 15 19 19 17 15 15 18

Netherlands 2 2 1 2 1 92 2

Spain 6 4 8 10 4 68 6

Sweden 11 17 7 8 13 44 10

Italy 12 11 14 16 17 30 15

Japan 1 1 2 1 2 93 1

Canada 16 16 17 14 16 21 17

Republic of Korea 8 6 5 6 5 70 5

Norway 10 9 10 4 3 64 7

Russian Federation 17 18 18 20 20 7 19

Türkiye 18 12 12 9 14 34 13

Greece 5 7 13 18 9 50 9
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carrying capacity lost its importance in performance and 
the average age of vessels gained importance, countries with 
older ships experienced a decline in performance. In this 
respect, in order to determine the extent to which countries 
have been able to achieve stability in their rankings over the 
years, standard deviation values for their five-year rankings 
were calculated and given in Table 7.
According to Table 7, where a standard deviation of 3 and 
above is considered as high variability, the countries that 
failed to achieve stability are Greece, Denmark, Indonesia, 
Sweden, Norway, Norway and Türkiye, respectively.
The countries whose ranking has changed the least over the 
years and whose standard deviation value is below 1 point 
are Japan, Netherlands and Australia, respectively. It should 
be noted here that Japan and Netherlands have achieved 
stability at the top, while Australia has always been at the 
bottom.

5. Conclusion
For much of the last 50 years, globalization has been the wind 
in the sails of multinational corporations and investors, with 
China’s gradual opening up to western trade, the collapse of 
the Iron Curtain, the rise of the BRICS (Brazil, Russia, India, 
China, South Africa, Iran, Egypt, Ethiopia, and the United 
Arab Emirates) countries, and the liberal policies adopted 
in free trade. In a highly integrated trade scene, the ability 
of countries to realize their ambitions of becoming the main 

actor and getting a bigger piece of the pie is undoubtedly 
highly dependent on their ability to allocate sea power or to 
maintain or strengthen their existing positions.
The weighting of indicators with analytical decision-making 
methods provides descriptive information in terms of 
evaluating the port call and performance of countries. The 
CRITIC method used for this purpose is preferred because 
it does not include subjective approaches in the weighting 
of indicators. When the indicators are ranked in terms 
of their importance levels for the years 2018-2022, it is 
observed that a different indicator stands out in terms of 

Table 6. Analyzing country performances based on indicators
Change in indicators Change in country rankings

Maximum cargo carrying capacity becomes important in the 
transition from 2018 to 2019

Underperformers: Australia, Denmark, Croatia, Greece, Russia, Sweden, Sweden, 
Russia

High performers: China, Indonesia, France, France, Italy, Italy, Republic of Korea, 
Norway, Norway, Türkiye, Spain, United Kingdom

Constant performers: Germany, USA, Netherlands, Japan, Canada

From 2019 to 2020, average age of vessels rises to 3rd place, 
average size of vessels falls to 4th place.

Underperformers: Australia, Denmark, Indonesia, Canada, Indonesia, Italy, Japan, 
Norway, Spain, Sweden, Sweden

High performers: China, France, France, Republic of Korea, Greece, Netherlands, 
United Kingdom, USA

Constant performers: Germany, Australia, Croatia, Russia, Türkiye

In the transition from 2020 to 2021, the average age of 
vessels fell back to 4th place, while the average size of vessels 

rose to 3rd place. In addition, maximum cargo carrying 
capacity became the most important indicator.

Underperformers: USA, United Kingdom, China, France, Netherlands, Spain, Sweden, 
Italy, Republic of Korea, Russian Federation, Greece

High performers: Australia, Indonesia, Croatia, Japan, Canada, Norway, Türkiye
Constant performers: Germany, Denmark

In the transition from 2021 to 2022, the average age of 
vessels rose from 4th to 1st place in terms of importance. 

Maximum cargo carrying capacity decreased from 1st to 4th 
place.

Underperformers: Germany, USA, United Kingdom, France, Sweden, Italy, Japan, 
Canada, Türkiye

High performers: Denmark, Indonesia, Croatia, Netherlands, Spain, Republic of Korea, 
Norway, Greece

Constant performers: Australia, China, Russian Federation

Table 7. Standard deviation values for five-year rankings of 
countries

Country Std. Dev. Country Std. Dev.

Germany 1.79 Spain 2.61

USA 2.61 Sweden 4.02

Australia 0.55 Italy 2.55

United Kingdom 1.14 Japan 0.55

China 1.95 Canada 1.10

Denmark 4.66 Republic of Korea 1.22

Indonesia 4.04 Norway 3.42

France 1.14 Russian Federation 1.34

Croatia 2.00 Türkiye 3.32

Netherlands 0.55 Greece 5.18

Std. Dev.: Standard deviation
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importance each year. This variability in the importance 
of indicators shows that the determinants of countries’ 
performance are affected by time-dependent economic, 
social and environmental factors. Therefore, countries 
need to be prepared in terms of all indicators in order to 
demonstrate an effective performance and to be prepared 
for these factors.
Country performance scores were obtained according to the 
weighted indicators of the countries with the VIKOR method 
and the rankings obtained with the BORDA method for the 
years 2018-2022 were combined. In the last five years, 
Japan, Netherlands, Germany, the United Kingdom and 
Republic of Korea have been the five countries with the best 
performance in the ranking of countries based on weighted 
indicators. Port call and performance of the countries is 
directly proportional to their share in world trade.
The analyses show how the changes in the importance levels 
of the indicators affect the performance of the countries, 
to what extent the five-year performance rankings of 
the countries vary, and which countries have changed 
their rankings in the same direction and in the opposite 
direction due to the changes in the importance levels of the 
indicators. It can be said that the maritime trade structures 
of the countries affected in the same direction in terms of 
ranking are similar, while the maritime trade structure of 
the countries affected in the opposite direction are different. 
It can be stated that countries that have low standard 
deviation in terms of five-year performance rankings 
and have achieved stability are resistant to changes in 
the importance levels of indicators, that is, to economic, 
social and environmental events occur over the years. In 
other words, these changes did not affect the performance 
ranking of these countries. Among these countries, Japan 
and Netherlands performed well in the face of all kinds of 
changes, while Australia continued to perform poorly even 
though the importance levels of indicators changed. 
On the other hand, countries such as Greece, Denmark, 
Indonesia, Sweden, Norway and Türkiye, whose performance 
varies greatly as the importance levels of indicators 
change, can be said to have strong or weak performance 
in terms of certain indicators. These countries should 
focus on improving their weaknesses in order to become 
more resilient to economic, social and environmental 
developments related to their port call and performance.
This study is anticipated to contribute to the body of 
literature. on the evaluation of port call and performance. 
As a matter of fact, the number of studies on the subject 
with multi criteria decision making techniques is quite 
low. The Critic method used for weighting indicators is a 
method of objective weighting, and methods of subjective 
weighting are likely to produce different results. This may be 

considered as a limitation of this study. Moreover, different 
time spans could yield different results. 
In future studies, first, it would be more appropriate to 
conduct country-specific studies on countries that are small 
but have an important place in maritime trade. Second, 
the fact that the impact of emerging technologies (such as 
blockchain and autonomous ships) and new regulations 
(such as those targeting emissions) on maritime trade 
performance can also be investigated. Third, exploring 
dynamic weighting of indicators over time could offer 
insights into changing priorities and factors influencing 
maritime trade performance. Fourth, the use of different 
sets of indicators in the evaluation of maritime trade 
performance can be considered. Lastly, comparative 
analyses can be made on the weighting of indicators and 
ranking of countries with different methods..

Authorship Contributions
Concept design: E. Akdamar, E. F. Akgül, and E. Işık, Data 
Collection or Processing: E. Akdamar, M. Gögebakan, and E. 
Işık, Analysis or Interpretation: E. Akdamar, E. F. Akgül, M. 
Gögebakan, and E. Işık, Literature Review: E. Akdamar, E. F. 
Akgül, and M. Gögebakan, Writing, Reviewing and Editing: 
E. Akdamar, E. F. Akgül, and M. Gögebakan.
Funding: The authors declare that no funds, grants, or 
other support was received during the preparation of this 
manuscript.

References
[1] J. Ojala, and S. Tenold, “Maritime trade and merchant shipping: 

The shipping/trade ratio since the 1870s”. International Journal 
of Maritime History, vol. 29, pp. 838-854, Nov 2017.

[2] M. Stopford, Maritime Economics, 3rd edition. London; New 
York: Routledge, 2009.

[3] R. Kerbiriou, “Modernisation of container ship fleets: state 
of play and consequences for the Baltic Sea”. TransNav, The 
International Journal on Marine Navigation and Safety of Sea 
Transportation, vol. 18, pp. 211-217, 2024.

[4] K. Cullinane, and D.-W. Song, “Estimating the relative efficiency of 
European container ports: A stochastic frontier analysis”. Research 
in Transportation Economics, vol. 16, pp. 85-115, Jan 2006.

[5] M. Luo, and T. Grigalunas, “A spatial-economic multimodal 
transportation simulation model For US coastal container 
ports”. Maritime Economics & Logistics, vol. 5, pp. 158-178, Jun 
2003.

[6] M. R. Brooks, “The governance structure of ports”. Review of 
Network Economics, vol. 3, pp. 168-183, Jan 2004.

[7] W. K. Talley, Port Economics, New York: Routledge, 2009.

[8] D. Owen, Ocean trade and shipping, Cambridge, MA: University 
Press, 1914.

[9] T. Heaver, “The evolution and challenges of port economics”. 
Research in Transportation Economics, vol. 16, pp. 11-41, Jan 
2006.



223

Journal of ETA Maritime Science 2024;12(2):213-223

[10] L. P. G. Santhi, and N. P. W. Setyari, “The Impact of trade facilitation 
on export performance in six ASEAN countries period 2005- 
2016”. International Journal of Applied Economics, Finance and 
Accounting, vol. 5, pp. 89-100, 2019.

[11] H. Dick, “The 2008 shipping law: Deregulation or re-regulation?”. 
Bulletin of Indonesian Economic Studies, vol. 44, pp. 383-406, 
Dec 2008.

[12] J. Wilson, C. Mann, and T. Otsuki, “Trade facilitation and economic 
development: Measuring the impact”. Policy Research Working 
Papers, Mar 2003.

[13] V. P. Sant’ Anna, and S. Kannebley Júnior, “Port efficiency and 
Brazilian exports: A quantitative assessment of the impact of 
turnaround time”. The World Economy, vol. 41, pp. 2528-2551, 
Sep 2018.

[14] A. C. Jordaan, “The impact of trade facilitation factors on South 
Africa’s exports to a selection of African countries”. Development 
Southern Africa, vol. 31, pp. 591-605, Jul 2014.

[15] D. Diakoulaki, G. Mavrotas, and L. Papayannakis, “Determining 
objective weights in multiple criteria problems: The critic 
method”. Computers & Operations Research, vol. 22, pp. 763-770, 
Aug 1995.

[16] H.-W. Wu, J. Zhen, and J. Zhang, “Urban rail transit operation 
safety evaluation based on an improved CRITIC method and 
cloud model”. Journal of Rail Transport Planning & Management, 
vol. 16, pp. 100206, Dec 2020.

[17] H. Jati, Nurkhamid, and R. Wardani, “Visibility ranking of 
university e-learning websites -CRITIC method approach”. 
Journal of Physics: Conference Series, vol. 1737, 012030, Jan 
2021.

[18] H. Deng, C.-H. Yeh, and R. J. Willis, “Inter-company comparison 
using modifed TOPSIS with objective weights”. Computers & 
Operations Research, vol. 27, pp. 963-973, Sep 2000.

[19] S. Opricovic, and G.-H. Tzeng, “Compromise solution by MCDM 
methods: A comparative analysis of VIKOR and TOPSIS”. 
European Journal of Operational Research, vol. 156, pp. 445-455, 
Jul 2004.

[20] S. Paksoy, “Assessment of country indicators with VIKOR 
method”. The International Journal of Economic and Social 
Research, vol. 11, pp. 153-169, 2015.

[21] S. Perçin, and S. Çakır, “Performance measurement of logistics 
firms with multi-criteria decision making methods”. Ege 
Academic Review, vol. 13, pp. 449-459, Oct 2013.

[22] B. Slack, C. Comtois, B. Wiegmans, and P. Witte, “Ships time in 
port”. International Journal of Shipping and Transport Logistics, 
vol. 10, pp. 45-62, Jan 2018.

[23] T. E. Notteboom, “The time factor in liner shipping services”. 
Maritime Economics & Logistics, vol. 8, pp. 19-39, Mar 2006.

[24] A. Apostolidis, J. Kokarakis, and A. Merikas, “Modeling the dry-
docking cost - The case of tankers”. Journal of Ship Production 
and Design, vol. 28, pp. 134-143, Aug 2012.

[25] E. Cakir, C. Sevgili, and R. Fiskin, “An analysis of severity of oil 
spill caused by vessel accidents”. Transportation Research Part 
D: Transport and Environment, vol. 90, 102662, Jan 2021.

[26] UNCTADstat, “Port call and performance statistics: time spent 
in ports, vessel age and size, annual”. Accessed: Jan. 03, 2024. 
[Online]. Available: https://unctadstat.unctad.org/datacentre/
reportInfo/US.PortCalls

[27] M. Ozcalici, “Asset allocation with multi criteria decision making 
techniques”. Decision Making: Applications in Management and 
Engineering, vol. 5, pp. 78-119, Oct 2022.

[28] F. Ecer, Çok kriterli karar verme: Geçmişten günümüze kapsamlı 
bir yaklaşım. Ankara: Seçkin, 2020.

[29] S. Opricovic, and G.-H. Tzeng, “Extended VIKOR method in 
comparison with outranking methods”. European Journal of 
Operational Research, vol. 178, pp. 514-529, Apr 2007.

[30] F. Sari, “Forest fire susceptibility mapping via multi-criteria 
decision analysis techniques for Mugla, Turkey: A comparative 
analysis of VIKOR and TOPSIS”. Forest Ecology and Management, 
vol. 480, 118644, Jan 2021.

[31] J. Wei, and X. Lin, “The multiple attribute decision-making 
VIKOR method and its application”. In 2008 4th International 
Conference on Wireless Communications, Networking and Mobile 
Computing, Dalian, China: IEEE, pp. 1-4, Oct 2008.

[32] N. Aktaş, and N. Demirel, “A hybrid framework for evaluating 
corporate sustainability using multi-criteria decision making”. 
Environment, Development and Sustainability, vol. 23, pp. 15591-
15618, Oct 2021.

[33] A. C. Gök Kisa and S. Perçin, ‘Bulanık çok kriterli karar verme 
yaklaşımı ile Türkiye İmalat Sanayii’nde performans ölçümü’, 
Uluslararası İktisadi ve İdari İncelemeler Dergisi, Prof. Dr. Talha 
Ustasüleyman Special Issue, pp. 31-56, Feb 2020.

[34] S. Hezer, E. Gelmez, and E. Özceylan, “Comparative analysis of 
TOPSIS, VIKOR and COPRAS methods for the COVID-19 regional 
safety assessment”. Journal of Infection and Public Health, vol. 
14, pp. 775-786, Jun 2021.     


