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ABSTRACT. Background: Logistics is vital for the trades of countries. The inputs such as raw materials and energy 
that is needed for production and also the outputs of these processes are transported and distributed effectively as a result 
of an efficient logistics process. In order to measure the logistics performance of countries, The World Bank (WB) is 
publishing an index entitled Logistics Performance for every two years.    
Methods: The main value of this study is to provide logistics performance scores of the selected countries for a selected 
time period. Thus, periodic evaluations can be done for a selected time period. The grey numbers are used for 
determining a new dataset for a time period and implement to Complex Proportional Assessment of Alternatives 
(COPRAS) method. 28 European Union (EU) member states plus 5 EU Candidate Countries are ranked by using the 
COPRAS-Grey (COPRAS-G) method according to their logistics performance scores. In order to see if the ranking 
calculated by COPRAS-G is representing the past index data, the bilateral comparisons of the rankings are investigated 
by using the Spearman Rank and Kendall’s Tau Correlation methods. 
Results: The results showed that the dataset obtained by using grey numbers represent the LPI scores of the countries for 
the selected time period. Although there are slight differences between the Spearman and Kendall correlation 
coefficients, the ultimate result is the same. The ranking calculated by COPRAS-G has the strongest relationship with all 
rankings published by WB. 
Conclusions: By using the grey numbers combined with the COPRAS-G method, the LPI of Countries can be evaluated 
for a time period. 
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INTRODUCTION 

With the rise of world trade as a result of 
globalization, firms and countries have entered 
into a race to gain a competitive advantage. 
This process has increased the importance of 
each activity in the supply chain. Logistics 
activities, which form an important part of the 
supply chain, are an effective area for 
companies and countries to create competitive 
advantage [Civelek, 2015]. Logistics activities 
have great prospects in the company 
profitability and the country's economy in this 
sense. The development of countries in the 
field of logistics makes them indispensable 
part of the global trade. They become a master 

hub in the supply chain and also the preferred 
hub. As a result, logistics become one of the 
main drivers of the countries’ economies. 
Thus, performance of the logistics needs to be 
calculated and improved. The logistics 
performance of the countries and the 
companies are evaluated by some different 
metrics. This study focused on evaluating the 
country’s logistics performance. The World 
Bank (WB) publishes the Logistics 
Performance Index (LPI) that is used for 
ranking and sorting the countries according to 
their logistics performances. The data is 
obtained from professionals that are working at 
international logistics companies all around the 
world. There are six indicators used for 
evaluating the performance of countries. The 
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definitions of these indicators are shown in 
Table 1. 

 
Table 1. Definition of Logistics Performance Index 

Indicators 
LPI Indicators Definitions 

Customs The efficiency of customs and borders  

Infrastructure 
The quality of trade and transport 
infrastructure 

International 
Shipping 

The ease and cost-folding level of 
international shipping arrangements 

Logistics Quality 
and Competence 

The competence and quality of 
logistics services 

Tracking and 
Tracing 

Ability to monitor international 
shipments 

Timeliness 
Timely availability of shipment to 
arrival 

Source: World Bank [2018] 

The Multi-Criteria Decision making 
methods support the decision making process 
that has more than one criterion. For deciding 
which alternative to choose from a set of 
alternatives decision making process is used. 
Also, there is not only one criterion affecting 
the decision making process every time. There 
can be conflicting criteria that make the 
decision process harder. Indeed, for most 
cases, every alternative provides the criteria at 
the different level. Therefore, a concession 
needed to be formed. Multi-Criteria Decision 
Making (MCDM) methods support decisions 
for considering more than one criterion.  

In some cases where the decision criteria 
cannot be expressed with an exact number, it is 
possible to use a certain interval for the 
evaluation by expressing it in fuzzy or grey 
numbers. This study aims to make an 
evaluation of 5-term index data. The dataset 
was formed with intervals using grey numbers. 
The following research questions were 
examined. 

Research Question 1: When the LPI scores 
are evaluated for a certain period of time, can 
the results obtained by the proposed model 
accurately represent the period covered? 

Research Question 2: Which countries are 
effective on the field of logistics, according to 
the results of the periodic evaluation with the 
proposed COPRAS-G method? 

The study is organized in four sections. At 
the following part of the study, the literature is 

reviewed by examining the studies that are 
related to LPI scores and the studies related to 
application areas of the COPRAS-G method. 
At the “Methodology” part of the study, Grey 
Number Theory and the COPRAS-G method is 
explained in detail. The data, application steps 
and the results of the study are given in the 
third part. In order to see if the proposed model 
is an effective tool to represent the selected 
period, the correlation analysis is applied in the 
discussions section. The conclusions and the 
suggestions for the further studies take place in 
the last part of the study. 

LITERATURE REVIEW 

The literature review section is in twofold: 
(i) Studies Related with the Logistics 
Performance Index Scores of the Countries, 
and (ii) Studies Related with the Application 
Areas of COPRAS Method. 

Studies Related with the Logistics 

Performance Index Scores of the Countries 

Bentyn [2015] examines changes of LPI 
scores of Poland along with its EU 
membership process. He found out that there 
has been a significant development in all 
indicators of LPI over the selected period. 
Solakivi et al [2014] examined LPI of Finland. 
They compared Finland’s logistics 
performance with its neighbor countries. Also 
similar studies are conducted to evaluate the 
logistics performance of countries separately 
such as Brazil [Faria et al. 2015], England 
[Khan, Qianli, 2017], Turkey [Iris, Tanyas, 
2011; Yaprakli, Unalan, 2017], Malaysia 
[Bakar, Jaafar, 2016; Nur Fadiah et al. 2017]. 
Jumadi and Zailani [2010] examined logistics 
performance by using LPI and compare its 
performance with other countries and also its 
situation within the OECD countries. Dekker 
et al. [2016] examined the LPI score of Costa 
Rica to produce strategies and alternatives.  

Hoekman and Nicita [2011] considered the 
various indices related to trade and applied 
them to developing countries. They search for 
various kinds of trade costs that have 
importance on logistics performance and they 
found the importance of logistics performance 
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in increasing trade. Yildirim and Adiguzel 
Mercangoz [2019], used Additive Ratio 
ASsesment [ARAS] Grey method to evaluate 
the Logistics performance of OECD countries.   

Marti et al. [2014] studied the value of each 
LPI indicators on trade for emerging 
economies to investigate the total trade in these 
economies. Similar to their study, Celebi 
[2017] conducted a study on determining the 
effects of LPI on international trade. Puertas et 
al. [2014] analyzed the importance of logistics 
performance in relation to EU exports between 
the years 2005 and 2010. According to the 
results of their study, Competence and 
Tracking component of LPI is found as the 
component that needs greater importance for 
those years. Marti et al. [2017] investigated the 
potential differences to be observed with the 
use of different income and geographical area 
in their studies. They found out that the 
logistics performance largely depends on 
income and geographical area. The countries 
that are highly dominated by the EU, are in the 
group of best performers. Candemir and Celebi 
[2017] analyzed the role of logistics sector in 
economic development.  

On the other hand, there are some studies 
conducted for identifying the relations between 
LPI and some other economical indexes. For 
instance, Cemberci et al. [2015] studied the 
efficacy of the Global Competitiveness Index 
(GCI) on the LPI by using hierarchical 
regression analysis on each of the components 
of the LPI. Similar to their study, Civelek et al. 
[2015] used the same model for analyzing the 
effect of LPI on GCI and the Gross Domestic 
Product [GDP]. The bilateral relations were 
statistically significant. Gani [2017] explored 
that the overall logistics performance is 
positively and statistically related to exports 
and imports in his study. Different from others, 
Uca et al. [2016] performed hierarchical 
regression analysis between LPI and 
Corruption Perception Index (CPI) and Foreign 
Trade Volume (FTV). Onsel Ekici et al. [2016] 
concerned with the GCI and the LPI. 
Differently, they do not assume that the 
relationship is linear and used an artificial 
neural network (ANN) model to investigate the 
relation between the GCI and the LPI. Some 
indicators of GCI that may effect on LPI 
components are selected in their study. Erkan 

[2014] investigate the relationship between the 
indicators of GCI and LPI related to the 
“infrastructure” indicator. 113 countries are 
included in a regression analysis to investigate 
the significant relation between overall LPI 
score and each of the selected components. 
Vaillancourt and Haavisto [2015] addressed to 
the importance of logistics performance for 
humanitarian context. They investigate the 
relationship between the logistics performance 
of the country and the disaster impact for 
epidemic, flood and storm.   

Studies Related with the Application Area 

of COPRAS Method 

Chatterjee and Chakraborty [2013] used 
COPRAS method to solve a gear material 
selection problem and compare the results with 
the results obtained by using ARAS method. 
Bayrakci & Aksoy [2019] evaluate the 
performance of individual pension companies 
that manage individual pension investments, 
which are considered as long-term investment 
instruments, in comparison with ARAS and 
COPRAS methods in their study. COPRAS 
method is also used in the field of Learning 
Management System (LMS) [Bakhouyi et al. 
2016], location selection problem [Arslan et al. 
2018].  

COPRAS method is used with grey theory 
in order to cope with the uncertainty. 
Zavadskas et al. [2008] determined the values 
at intervals and used COPRAS-G for selecting 
effective versions of the external walls 
construction. Zolfani et al. [2012] used 
COPRAS-G method for selecting a supplier 
problem. Like their studies, Chatterjee and 
Kar, [2018] used COPRAS-G method for 
supplier selection problem. In order to check 
the reliability of the results, spearman’s 
correlation analysis is used between the 
ranking results of proposed method with 
VIKOR-G, ARAS-G and TOPSIS-G. Liou et 
al. [2016] used a hybrid model that deals with 
the dependent relationships between various 
criteria and uncertain information from 
decision makers. They used Decision-making 
Trial and Evaluation Laboratory (DEMATEL), 
influential network relationship map (INRM), 
DEMATEL-based, Analytical Network 
Process (ANP) and COPRAS-G methods. 
Tavana, et al. [2013] proposed a hybrid model 
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and integrates the ANP with fuzzy set theory 
and the COPRAS-G method for the social 
media platform selection problem in a fuzzy 
environment. Aghdaie et al. [2013] proposed 
a hybrid model and integrate the Step-wise 
Weight Assessment Ratio Analysis [SWARA] 
and COPRAS-G method for machine tool 
evaluation and selection considering the 
company strategies, recourses and policies for 
the organizations. Nguyen et al. [2014] used 
fuzzy ANP and COPRAS-G for evaluating 
machine tools taking into account of the 
interactions between the criteria. The results 
are compared with the other MCDM methods. 
Zhang et al. [2018] proposed a method for 
making wisely choice about the green building 
investment by using AHP and COPRAS-G 
methods. Mousavi-Nasab and Sotoudeh 
Anvari, [2017] reviewed the literature for 
material selection problem and found out that 
COPRAS and TOPSIS mostly used methods 
for material selection problem in general. 
Pancholi and Bhatt [2018] used COPRAS-G 
for the maintenance-planning problem. 
Bitarafan et al. [2012] used COPRAS-G for 
crisis management. A study about the coal-
fired thermal power plants is conducted by 
Adhikary et al. 2014. The grey numbers are 
used to deal with the uncertain data; the criteria 
against each alternative are expressed in grey 
number instead of crisp values.  

COPRAS method is also used with fuzzy 
theory. Garg et al. [2019] used fuzzy theory in 
order to make the selection of websites for e-
learning platforms in educational 
organizations. Cakir and Ozdemir [2018] used 
fuzzy COPRAS in order to select suitable six-
sigma project from eleven alternatives.   

As a result of the literature survey, to the 
best of our knowledge, there isn’t any study 
calculating the Logistics Performance Index by 
using COPRAS-G method for a selected time 
period. Thus, this study constitutes a different 
application area of the COPRAS-G technique 
in the literature. 

METHODOLOGY 

COPRAS method was first introduced by 
Zavadskas et. al [1994] and Zavadskas and 
Kaklauskas [1996]. In COPRAS method, for 

conflicting weighted criteria, the alternatives 
are compared, and their utility degree is 
determined [Zavadskas et al., 2008]. The 
calculated utility degree is used for evaluating 
complex processes of both maximizing and 
minimizing criteria values. The method 
assumes direct and proportional dependence of 
significance and priority of investigated 
alternatives, finally selects the best decision 
considering both the ideal and the ideal-worst 
solutions.  

Different from the COPRAS method the 
COPRAS-G method uses the grey numbers. 
Grey numbers are part of Grey System theory, 
which is a new method for studying problems 
where partial information is known. Grey 
system theory was initiated by Julong [1982] 
where "grey" means poor, incomplete, and 
uncertain of knowledge. Grey system theory 
use “black” to indicate unknown information, 
“white” the completely known information, 
and “grey” the partially known and partially 
unknown information [Liu and Lin, 2010]. 
Grey numbers are useful when dealing with 
a system containing limited information. In 
this study, we used the grey number to refer 
the countries as upper and lower limits of LPI 
scores. 

Applied COPRAS-G steps below proposed 
by Zavadskas et. al. [2008]: 

Step 1. Selecting the set of the most important 
criteria and types of criteria as cost or 
benefit, describing the alternatives. 

Step 2. Constructing the grey decision-making 
matrix 
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Step 3. Normalizing the grey decision-making 
matrix 
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Step 4. Calculating the weighted normalized 
grey decision matrix. The weighted 
normalized values are calculated by using 
equation (4) and (5), respectively: 
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Step 5. Calculating the sums   and   of criterion 
values, whose  , benefit criteria (larger 
numbers are more preferable);  , cost 
criteria (smaller numbers are more 
preferable): 

( )
1

1 ˆˆ 1,2,..., 1, 2,..,
2

k

i ij ij

j

S x x i m j k+
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= + = =
 (7) 
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2

n

i ij ij

j k
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 (8) 

Step 6. Calculating the relative significance of 
each alternatively   the expression: 
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        (9) 

Step 7. Calculating the utility degree of each 
alternative by the formula so calculate 
performance index P, 

   max

100% 1,2,...,i

i

Q
P i m

Q

 
= ⋅ = 
        (10) 

APPLICATION AND RESEARCH 

RESULTS 

At the first survey that is published in 2007, 
there were 7 indicators used to calculate the 
LPI, thus the data from the year 2007 is not 
considered in this study. The data set of the 
study is consisted of five Logistic Performance 
Index published by the World Bank. 

5-Period LPI data were used as initial data. 
The maximum and minimum values of the 5-
year data for each country were converted into 
the upper and lower limits of the grey numbers 
to be used in the decision matrix. Thus, grey 
numbers belonging to 7 indicators representing 
each country were formed.    

28 EU plus 5 EU Candidate Countries are 
taken as alternatives. Seven indicators 
(Customs, Infrastructure, International 
Shipping, Logistics Quality & Competence, 
Tracking & Tracing, Timeliness) constitute the 
criterion set of the study. The importance of 
the criteria in the decision matrix was obtained 
from the study conducted by Yildirim and 
Adiguzel Mercangoz [2019]. In their study, 
weights of the criteria were calculated by 
Fuzzy Analytic Hierarchy Process (fuzzy-
AHP) method by taking expert opinions. The 
importance of the criteria is shown in Table 2. 

 
Table 2. Importance Weightings of Indicators 

Criteria C# W % 
Customs C1 0,14 14% 
Infrastructure C2 0,39 39% 
International Shipping C3 0,08 8% 
Logistics Quality & Competence C4 0,14 14% 
Tracking & Tracing C5 0,07 7% 
Timeliness C6 0,19 19% 

Source: Yildirim and Adiguzel Mercangoz [2019] 

The grey performance values calculated for 
the countries and the criterion weights are 
combined in the grey decision matrix and 
shown in Table 3. 

The performance values in the decision 
matrix were normalized by using Equation (5) 
and (6). After this process, weighted 
normalized decision matrix was obtained by 
using criterion weights with the help of 
Equation (7) and (8). The optimization 
direction is maximum in all seven indicators in 
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the decision matrix. For this reason, S+ values 
are calculated by using Equation (10).  
Calculated S+ values are used in Equation (12) 
to calculate Q values for all country 
alternatives. Finally, values were calculated by 

Equation (13) and the countries are ranked 
according to these values. The country 
rankings obtained by the Q and P scores is 
shown in Table 4. 

 
Table 3. Grey Decision Matrix 

Weights 0.14 0.39 0.08 0.13 0.07 0.19 

 C1 C2 C3 C4 C5 C6 
Australia [3.49, 3.79] [3.64, 4.18] [3.26, 3.88] [3.56, 4.18] [3.83, 4.36] [3.79, 4.37] 
Belgium [3.66, 3.85] [3.98, 4.12] [3.31, 4.05] [3.98, 4.13] [4.05, 4.22] [4.20, 4.43] 
Bulgaria [2.40, 2.97] [2.30, 4.19] [2.93, 3.31] [2.85, 3.10] [2.72, 3.16] [3.18, 4.04] 
Croatia [2.62, 3.07] [2.36, 4.19] [2.93, 3.12] [2.53, 3.21] [2.82, 3.2] [3.22, 3.59] 
Cyprus [2.88, 3.11] [2.89, 4.19] [2.80, 3.21] [2.72, 3.17] [2.54, 3.51] [3.31, 3.79] 
Czech Republic [2.95, 3.58] [2.96, 4.19] [3.01, 3.75] [3.27, 3.72] [3.17, 3.84] [3.40, 4.16] 
Denmark [3.58, 3.93] [3.75, 4.07] [3.46, 3.70] [3.74, 4.14] [3.36, 4.18] [3.92, 4.41] 
Estonia [2.51, 3.41] [2.75, 4.19] [2.82, 3.34] [2.82, 3.27] [2.95, 3.25] [3.23, 4.08] 
Finland [3.82, 4.01] [3.52, 4.12] [3.41, 3.85] [3.72, 4.14] [3.31, 4.32] [3.80, 4.28] 
France [3.59, 3.71] [3.96, 4.01] [3.30, 3.73] [3.75, 3.87] [3.89, 4.02] [4.02, 4.37] 
Germany [3.87, 4.12] [4.26, 4.44] [3.66, 3.86] [4.09, 4.31] [4.05, 4.27] [4.32, 4.48] 
Greece [2.38, 3.36] [2.88, 4.19] [2.69, 3.30] [2.69, 3.23] [2.98, 3.59] [3.32, 3.85] 
Hungary [2.82, 3.35] [3.08, 4.19] [2.78, 3.44] [2.87, 3.35] [2.87, 3.82] [3.41, 4.06] 
Ireland [3.36, 3.8] [3.29, 3.84] [3.40, 3.83] [3.54, 3.94] [3.62, 4.13] [3.76, 4.47] 
Italy [3.34, 3.47] [3.72, 3.85] [3.21, 3.65] [3.62, 3.77] [3.73, 3.86] [4.03, 4.13] 
Latvia [2.71, 3.22] [2.52, 4.19] [2.72, 3.38] [2.64, 3.29] [2.79, 3.55] [2.88, 4.06] 
Lithuania [2.73, 3.42] [2.58, 4.19] [2.79, 3.49] [2.85, 3.49] [2.73, 3.68] [3.60, 4.14] 
Luxembourg [3.53, 4.04] [3.63, 4.24] [3.37, 4.24] [3.67, 4.01] [3.61, 4.12] [3.90, 4.80] 
Malta [2.65, 3.00] [2.89, 4.19] [2.70, 3.23] [2.80, 3.01] [2.56, 3.15] [3.01, 3.79] 
Netherlands [3.85, 4.12] [4.15, 4.29] [3.61, 3.94] [4.05, 4.22] [4.02, 4.17] [4.15, 4.41] 
Poland [3.12, 3.30] [2.98, 4.19] [3.22, 3.68] [3.26, 3.58] [3.32, 3.54] [3.80, 4.52] 
Portugal [3.17, 3.37] [3.17, 4.19] [3.02, 3.83] [3.15, 3.71] [3.38, 3.72] [3.84, 4.13] 
Romania [2.36, 3,00] [2.25, 4.19] [2.99, 3.32] [2.68, 3.20] [2.90, 3.39] [3.22, 4.00] 
Slovak Republic [2.79, 3.28] [2.99, 4.19] [2.84, 3.41] [3.07, 3.16] [2.84, 3.54] [3.14, 3.94] 
Slovenia [2.59, 3.42] [2.65, 4.19] [2.84, 3.34] [2.90, 3.51] [3.16, 3.51] [3.10, 3.82] 
Spain [3.40, 3.63] [3.58, 4.19] [3.11, 3.83] [3.62, 3.83] [3.54, 3.96] [4.00, 4.12] 
Sweden [3.68, 4.05] [4.03, 4.27] [3.39, 4.00] [3.90, 4.25] [3.82, 4.38] [4.26, 4.45] 
United Kingdom [3.73, 3.98] [3.95, 4.21] [3.63, 3.77] [3.92, 4.05] [4.00, 4.13] [4.19, 4.37] 
Albania [2.07, 2.43] [2.14, 4.19] [2.48, 2.84] [2.39, 2.65] [2.15, 2.67] [3.01, 3.58] 
Macedonia. FYR [2.21, 2.55] [2.47, 4.19] [2.38, 2.84] [2.36, 2.76] [2.32, 2.82] [2.79, 3.13] 
Montenegro [2.17, 2.83] [2.30, 4.19] [2.22, 3.15] [2.31, 2.72] [2.37, 2.76] [2.65, 3.33] 
Serbia [2.19, 2.6] [2.30, 4.19] [2.63, 3.41] [2.55, 3.02] [2.67, 3.07] [2.80, 3.55] 
Turkey [2.71, 3.23] [3.08, 4.19] [3.06, 3.41] [3.05, 3.64] [3.09, 3.77] [3.63, 3.94] 

Source: own work 
 

Table 4. Ranking Countries According to LPI Scores Calculated by COPRAS-G 
Countries Q P Rank Countries Q P Rank 
Germany 0.036 100% 1 Turkey* 0.03 82% 17 
Netherlands 0.036 98% 2 Hungary 0.029 81% 18 
Sweden 0.035 97% 3 Slovak Republic 0.029 80% 19 
United Kingdom 0.035 96% 4 Lithuania 0.029 80% 20 
Belgium 0.035 95% 5 Estonia 0.028 78% 21 
Luxembourg 0.034 94% 6 Slovenia 0.028 78% 22 
France 0.034 93% 7 Greece 0.028 78% 23 
Denmark 0.034 92% 8 Cyprus 0.028 78% 24 
Australia 0.033 92% 9 Latvia 0.028 76% 25 
Finland 0.033 92% 10 Malta 0.028 76% 26 
Spain 0.033 90% 11 Romania 0.027 75% 27 
Italy 0.032 89% 12 Bulgaria 0.027 75% 28 
Ireland 0.032 88% 13 Croatia 0.027 74% 29 
Portugal 0.031 85% 14 Serbia* 0.026 71% 30 
Poland 0.031 85% 15 Macedonia, FYR* 0.025 69% 31 
Czech Republic 0.03 84% 16 Montenegro* 0.025 68% 32 

 Albania* 0.025 68% 33 
* Turkey, Serbia, Macedonia, FYR, Montenegro, and Albania are official Candidate Countries to become member states of the EU. 
Source: own work 
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From Table 4. it can be seen that Germany 
ranked 1 for the selected period. Germany, 
Netherlands, Sweden, Belgium, and the United 
Kingdom can be seen as the main drivers of 
logistics of EU Countries. 12 EU countries 
have a ranking after Turkey. As Turkey 
compared within the EU candidate countries, it 
can be seen that EU candidate countries except 
Turkey are located at the end of the EU 
countries. Turkey ranked 17. Turkey has an 
important difference in candidate countries 
according to its ranking. 

DISCUSSIONS 

In order to see if the results obtained by the 
proposed model are effective to represent the 

selected period, the correlation analysis are 
applied. LPI rankings published by WB and 
ranking calculated by COPRAS-G are 
investigated by using by rank correlation tests. 
Once the ranking results are unsatisfied the 
parametric relation analyses conditions, 
Spearman Rank and Kendall’s Tau Correlation 
Analysis are applied in order to find out the 
relations between the rankings. The results of 
the Spearman Rank and Kendall’s Tau 
Correlation Analysis can be seen from Table 5. 
Although there are slight differences between 
the Spearman and Kendall correlation 
coefficients, the ultimate result is the same. 

 
Table 5. Non-Parametric Correlations Matrix 

 2018 2016 2014 2012 2010 COPRAS-G 

K
en

d
a
ll

's
 T

a
u

_
b

 

2018 
Correlation Coefficient 1,000 ,742** ,758** ,750** ,723** ,803** 
Sig. (2-tailed) . ,000 ,000 ,000 ,000 ,000 

2016 
Correlation Coefficient ,742** 1,000 ,803** ,682** ,860** ,864** 
Sig. ,000 . ,000 ,000 ,000 ,000 

2014 
Correlation Coefficient ,758** ,803** 1,000 ,705** ,830** ,864** 
Sig. ,000 ,000 . ,000 ,000 ,000 

2012 
Correlation Coefficient ,750** ,682** ,705** 1,000 ,670** ,758** 
Sig. ,000 ,000 ,000 . ,000 ,000 

2010 
Correlation Coefficient ,723** ,860** ,830** ,670** 1,000 ,852** 
Sig. ,000 ,000 ,000 ,000 . ,000 

COPRAS-G 
Correlation Coefficient ,803** ,864** ,864** ,758** ,852** 1,000 
Sig. ,000 ,000 ,000 ,000 ,000 . 

S
p

ea
rm

a
n

's
 r

h
o
 

2018 
Correlation Coefficient 1,000 ,890** ,907** ,905** ,883** ,936** 
Sig. . ,000 ,000 ,000 ,000 ,000 

2016 
Correlation Coefficient ,890** 1,000 ,945** ,862** ,963** ,973** 
Sig. ,000 . ,000 ,000 ,000 ,000 

2014 
Correlation Coefficient ,907** ,945** 1,000 ,877** ,954** ,966** 
Sig. ,000 ,000 . ,000 ,000 ,000 

2012 
Correlation Coefficient ,905** ,862** ,877** 1,000 ,854** ,903** 
Sig. ,000 ,000 ,000 . ,000 ,000 

2010 
Correlation Coefficient ,883** ,963** ,954** ,854** 1,000 ,967** 
Sig. ,000 ,000 ,000 ,000 . ,000 

COPRAS-G 
Correlation Coefficient ,936** ,973** ,966** ,903** ,967** 1,000 
Sig. ,000 ,000 ,000 ,000 ,000 . 

** Correlation is significant at the 0.01 level (2-tailed) 
 
Source: own work 
 

 
In comparison with the relationships 

between the ranking calculated by COPRAS-G 
and the ones calculated by WB is stronger than 
relationships calculated within the yearly 
rankings calculated by WB. The ranking 
calculated by COPRAS-G has the strongest 
relationship with all rankings published by 
WB. According to the results, the proposed 

model can be used as an effective decision 
making method that provides evaluation 
opportunity for a certain period, rather than 
a single year data. 
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CONCLUSIONS AND FUTURE 

RESEARCHES 

It is tried to eliminate the uncertainty 
confronted due to the nature of decision 
problems, the lack of complete knowledge, by 
using grey system theory in this study. The 
main value the proposed method is to give an 
opportunity to evaluate the Logistics 
Performances of the countries for a selected 
period. Different from other studies, grey 
numbers are used to represent the 
performances of the selected countries by 
intervals obtained from the past datasets. The 
countries are ranked according to their 
evaluated LPI scores for this period. 

This study also provides a different 
application area of COPRAS-G method. 
COPRAS-G method is used to evaluate the 
logistics performance of the countries. The 
criteria weights can be determined by MCDM 
methods such as Analytic Network Process 
(ANP), Stepwise Weight Assessment Ratio 
Analysis (SWARA), Factor Relationship 
(FARE), The Decision Making Trial and 
Evaluation Laboratory (DEMATEL), Entropy 
Weight Method and further analysis can be 
performed comparatively. Grey numbers 
obtained from the mean and standard 
deviations can be used instead of max-min 
performances for forming the data set. The 
study can be repeated using analyzes with new 
approaches such as Evaluation Based on 
Distance from Average Solution (EDAS) and 
Weighted Aggregated Sum Product 
Assessment (WASPAS) which are similar to 
the COPRAS method. 

With the proposed method, it is considered 
that decision makers are presented with general 
ranking that includes and represents all 
published statistics rather than a single term. 
Periodic comparisons can be made with 
performance indexes that can be formed with 
more data. It will be useful to compare the 
results by making calculations for more than 
one period using grey numbers in the 
following years. 
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METODA OKRESOWA COPRAS-G: ZASTOSOWANIE WSKAŹNIKA 

SPRAWNOŚCI LOGISTYCZNEJ (LPI) 

STRESZCZENIE. Wstęp: Logistyka jest istotną częścią handlu wielu krajów. Wkład w postaci surowców oraz 
energii jest niezbędny w procesie produkcji, wymaga on jednak najczęściej transportu, tak samo jak i wyroby finalne 
uzyskanie w procesie produkcji, zrealizowanego w efektywny sposób jako element całego procesu logistycznego. W celu 
pomiaru tego procesu w różnych krajach, Bank Światowy publikuje w okresach dwuletnich dane dotyczące aktywności 
logistycznych. 
Metody: Podstawowym celem tej pracy jest dostarczenie oceny działalności logistycznej wybranych krajów 
w wybranym okresie czasu.  Liczby szare są stosowane do określenia danych dla danego okresu oraz zastosowania 
metody Complex Proportional Assessment of Alternatives (COPRAS). Stworzono ranking sprawności logistycznej 
obejmujący 28 państw członkowskich UE oraz 5 państw kandydujących do EU. W celu oszacowania poprawności 
danych wyliczonych przy pomocy metody COPRAS, wykonano podwójne porównanie otrzymanych rankingów przy 
użyciu metod Spearman Rank oraz korelacji Kendalla Tau. 
Wyniki: Uzyskane wyniki pokazują, że dane otrzymane poprzez użyciu liczb szarych reprezentują dane LPI badanych 
krajów w wybranym okresie. Występujące różnice, ujawnione w postaci współczynników korelacji Spearman i Kendall, 
nie są istotne. Ranking uzyskany w oparciu o metodę COPRAS-G wykazuje silną korelację ze wszystkimi rankingami 
publikowanymi przez Bank Światowy.  
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Wnioski: Wskaźnik LPI dla wybranych krajów na założony okres został wyliczony poprzez zastosowanie liczb szarych 
w połączeniu z metodą COPRAS-G. 

Słowa kluczowe: COPRAS-G, sprawność logistyczna,wielokryterialne podejmowanie decyzji, szare liczby, analiza 
korelacji 
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