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FOREWORD 

 
The year 2020 was strongly marked by the global covid-19 virus pandemic. Its 

unescapable impact on logistics and supply chains in practically all sectors of 

economic activities has happened and is still happening: new operating and safety 

rules, the need for the highest-quality logistics services, and numerous new obstacles 

in supply chains have become commonplace. Logistics, which was until recently 

considered as a “silent function” in a company, suddenly emerged as the key 

integrative factor for the survival and management of entire supply chains and crucial 

for the satisfaction of consumers. Logistics and supply chain professionals and 

scientists have responded decisively and quickly to the challenges using existing 

knowledge and experience, but also by developing new concepts and implementation 

models. Therefore, it is our great pleasure that the 20th International Scientific 

Conference Business Logistics in Modern Management (BLMM 2020) contributed to 

their efforts with reports and publications of recent scientific achievements in this 

field. 

The BLMM 2020 reached its 20th anniversary, a milestone we are immensely 

proud of, but unfortunately due to the circumstances of the pandemic it could not be 

held in-person, as well as the most international conferences planned to be held in 

2020 throughout the World. This year the Conference was again organized by the 

Faculty of Economics in Osijek at the Josip Juraj Strossmayer University of Osijek 

(Croatia), but all presentations and discussions were held over the Internet. 

Nevertheless, the quality and extensiveness of accepted scientific papers is again very 

high. Editorial board received 33 scientific papers, 23 of which successfully passed 

the review process and are published in this publication. Authors from Czech 

Republic, Hungary, Poland, Russia, Serbia, Slovakia, Slovenia, Turkey and Croatia – 

52 of them – presented their papers, and two scientists from Lithuania presented their 

research in progress. 

This Proceedings, both as the Conference sessions, is divided into six chapters. 

As the core logistics activity, Transportation again accounts for the largest amount of 

papers. Topics are mostly concentrated around effectiveness of multimodal and road 

transportation in Central and Eastern Europe. Three papers gave motivating scientific 

contribution to the next chapter – Logistics and supply chain theory development – 

from network orientation in logistics service industry to packaging testing and 

bullwhip effect research. Next chapter encompasses Supply chain risk management 

and efficiency analysis with suggestions for improving supply chain resilience 

through methods for fast adaptation to sudden demand shifts in times of crisis, and 

analysis of warehousing economic performance in EU. The chapter on Distribution 

logistics is concentrated on retail trade – its information integration in the 

omnichannel environment, productivity analysis, and configuration of production 

supply chain by the customers. One unescapable and vital topic for many years is 

Green and urban logistics, which constitutes fifth chapter. Here are researches on 

Croatian urban transportation systems, relation between corporate culture and 

sustainable logistics organisation, and the effect of ICT development on companies' 

environmental performance measurement. Finally, sixth chapter consist of papers on 

ICT in logistics, which deals with blockchain based monitoring of goods-
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documentation flows in modern logistic ecosystems, Internet of Things (IoT), 

Logistics 4.0, influence of API interface in transportation, and experiences with 

distance learning in higher education on supply chain management. 

Fascinating contribution to a successful 20th international scientific conference 

Business Logistics in Modern Management is given by the keynote speaker Dr. 

Arkadiusz Kawa, director of Research Network Łukasiewicz – Institute of Logistics 

and Warehousing, Poznan, Poland. Dr. Kawa gave an inspirational lecture titled Win 

e-commerce with e-logistics! 

After the inclusion of the last years’ Proceedings in the Web of Science 

Conference Proceeding Citation Index database, this 20th BLMM was again supported 

by the Ministry of Science and Education of the Republic of Croatia, for which we 

express our gratitude. Finally, we are sincerely thankful to all authors, as well as to 

the editorial board, honorary program committee, organisational committee and to all 

reviewers for their selfless effort and support throughout the entire process of 

organising and realising the Conference. Your expertise and dedication enabled the 

successful completion of the Conference for the 20th years consecutively. These are 

the foundation for decades to come, enabling further fruitful research and networking 

in the future. 

 

In Osijek, October 7th, 2020. 

 

Davor Dujak, 

Editor 
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Abstract 

 

The main objective of this article is to evaluate and assess the possibilities  

of combined transport of goods with a special focus on non-traditional interconnection 

of air-rail transport modalities. The framework for this research is determined with 

two aspects - the aspect of environmentally friendly and sustainable transport and 

logistic solutions and the geographical aspect which focuses on the region of EU 27 

(except of Malta) and the United Kingdom. Using the regression model, we attempt 

to confirm the dependence between the air transport performance in tonne-kilometres 

(Tkm) and the quality or availability of railway infrastructure (length of railways in 

km), the GDP per capita and the volumes of Intratrade import and export within the 

above geographical area. The existence of direct relationship between the length of 

the railways in km and the air transport performance in Tkm could confirm the 

complementary effect of these two transport modalities and it could be an evidence of 

the possibility of combined air-rail transport solutions. Thanks to the complementarity 

of the air transport with the rail transport modality, the aspect of environmentally 

friendly combined transport can also be emphasized since the rail transport is 

considered ecological. The very existence of this regression model also says that there 

is a kind of interconnection between these two modes of transport and it also could 

imply the feasibility of combined air-rail transport solutions. Further research will 

deal with the dynamics of changes in the interrelationship between air and rail 

transport over the period of several past years with implications for the future and with 

the purpose of trying to contribute to the possible development of air-rail combined 

transport within the EU countries.  

 

Key words: Air Transport, Railways, Combined Transport of Goods, Aspect of 

Ecology  

 

 

1. INTRODUCTION 

 

The objective of our reseach of freight combined air-rail transport represents the 

added value of this article, because a great majority of research projects in this context 

are not focused on the freight transport (INTERREG, 2018), but they are focused on 
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the passenger combined transport. An example is a statement of the International Air 

Rail Organization (IARO, 2015), which argues, that in the context of the air-rail 

combined transport, it is necessary to understand the geographic origins and 

destinations of passengers and to be able to forecast their movement. We assume that 

it is necessary to understand the geographic origins and destinations of transported 

goods and the forecast of their movements, too, to support the idea of air-rail 

combined freight transport. The idea of the air-rail combined passenger transport is 

not new, as rail-to-airport connections have been made in the relatively long past. 

Some examples are Birmingham or Frankfurt am Main airports.  

 

Figure 1. Birmingham – air-rail passenger modal split 

 
Source: own processing based on data from IARO (2015) 

 

From the fig. 1, it can be seen, that after the connections of the Birmingham 

airport to the railway were made (in 1976), there was a gradual decline in the 

importance of the road transport modality in favor of rail.  

 

Figure 2. Frankfurt am Main – air-ral passenger modal split 

 
Source: own processing based on data from IARO (2015) 
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The same trend is evident in the case of the airport in Frankfurt am Main  

(fig. 2). The connections of the Frankfurt am Main airport to the railway were made 

(in 1999), there was a gradual decline in the importance of the road transport modality 

in favor of rail, too. 

There are many similar examples in the world. They all have one thing in 

common – the gradual decline in the importance of the road transport in favor of the 

rail transport. These examples inspired us in our research with the focus on the freight 

air-rail combined transport.  

Combined maritime transport, together with road and rail, has a long tradition in 

the transport market, as evidenced by the fact that around 30 to 40 % of all freight 

transport anywhere in the world is realized by combining this transport modalities 

(Global Intermodal Freight Transportation Market 2015-2019, 2015). The nature of 

sustainable transport takes account of making best use of all modes and reducing 

reliance on carbon-based energy sources (Banister, 2018). The transport policies of 

each country have to diminish the environmental burden and damages on public health 

which are usually caused by road freight transport, by encouraging the transport 

modalities that are ecological such as railways and inland waterways. They can be 

integrated into the combined transport operations as the main transports-carriers 

(Široký, Schröder and Gašparík, 2017).  

 

Table 1. Analysis of the strengths and weaknesses of air and rail transport modes  

Air transport 

Strengths Weaknesses 

Fast - high speed Load limitations 

Accurate in delivery and reliable Limited commodity structure 

Low packaging costs Highest prices 

Simplified customs operations Environmental problems 

Low risk of damage of goods Dependent on the weather 

Railway transport 

Strengths Weaknesses 

Possible time and cost savings at 

medium and long distances 
Lower flexibilty 

More capacity and diverse fleet Lower operability 

Exact timetables Problems with logistics 

The possibility to achieve higher speeds Problems with modern forms of business 

Safe and relatively trouble-free Lower price flexibility 

Easy border crossing and transit High investments 

Joint responsibility of participating 

railways 
  

Environmental friendly   

Source: according to Hansenová (2007), Furdová and Hansenová (2013) 
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The analysis in tab. 1 is based on the strengths and weaknesses of transport 

modalities such as air and rail. The air transport is one of the most problematic with 

environmental problems which include mainly carbon footprint and CO2 emissions 

(Hansenová, 2007 and Furdová and Hansenová, 2013). 

The framework for the research presented in this article is determined with two 

aspects - the aspect of environmentally friendly and sustainable transport and logistics 

solutions, which are a factor of improving quality of life and business operations 

(Ceniga et all, 2019) and the geographical aspect, which focuses on the region of EU 

27 (except of Malta) and the United Kingdom. 

Air transportation service market has expanded and in fact become one large 

global market (Naletina et all, 2018). Air transport is also considered one of the key 

tools to advance economic development, but it is unclear if the economic development 

boosts the air transport performance or vice versa (Tolcha at all, 2020).  

The article evaluates and assesses the possibilities of combined transport of 

goods with a special focus on air-rail transport modalities. This combination 

represents a non-traditional interconnection because it is not very common to combine 

these two madalities within Europe nowadays. 

The United Nations Economic Commission for Europe (2020) defines  

the combined transport as „intermodal transport where the major part of the 

European journey is by rail, inland waterways or sea and any initial and/or final legs 

carried out by road are as short as possible.“ IRU (2020) defines the combined 

transport as  „the carriage of goods from one place to another using different means 

of transport: road for the first and the last leg of the journey and rail or water for the 

rest.“ The European Union (2020) also regulates the combined transport through the 

Combined Transport (CT) Directive (Council Directive 92/106/EEC). The main aim 

of this  regulation is to support and develop operations in combined transport through 

the authorisation procedures reduction and quantitative restrictions for the operations 

in combined transport and in a form of fiscal incentives, providing financial supports 

for these types of transport operations. In Europe, a combined transport is rapidly and 

dynamically developing and this development represents the main points of the EU´s 

transport and environmental strategy. This system for sustainable transportation of 

goods is strongly supported at the level of EU.  

Combined transport is also used is the case of integrated logistics as well as tailor 

made solutions. The UIC (2020) considers the following aspects to be benefits of 

using of combined transport of goods: environmentally friendly (especially on those 

routes where transported volumes of goods and transport distances are appropriate), 

energy savings and lower CO2 emissions, society friendly (there is a decrease in 

accidents, road congestions and energy dependence), better use of existing transport 

capacity, a combination of flexibility of road transport and economies of railways in 

the case of long transport routes and large volumes of transported goods, integration 

of combined transport into logistics chains and last but not least its safety (there is 

a reduced risk of loss and damage to the goods during transport). 

The internet web of Green Modal Transport (2019) also emphasizes some facts 

which are considered as advantages of a modal transfer: environmental, economic and 

social benefits, reduction of greenhouse gas emissions, sustainable development, 
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reduction of negative impacts on sensitive ecological areas, lesser consumption of 

non-renewable resources, fuel costs and in general operating costs savings, lower 

impact of the road transport taxes mainly in Germany and France. 

Freight air-rail combined transport systems have the potential to revolutionize 

the freight market. Given that this system is still used to a lesser extent compared to 

other types of combined transport, it is necessary to carry out a deeper analysis of the 

importance of a transport solution of this type. According to the website of Railway 

Technology (2020), air-rail transport has an advantageous position in the transport of 

time-sensitive goods, taking into account the aspect of sustainability. Tests have 

already been carried out in the real world to monitor the potential benefits of 

a transport system combining a high-speed freight train and an aircraft between Lyon-

Saint-Exupéry Airport, Paris Charles de Gaulle Airport and St. Pancras International 

Railway Station in London. This test connection has proven to be positive in terms of 

efficiency, speed and ecology. Under the influence of the need to emphasize the 

environmental aspect (Zorkóciová, Palušková, 2019) of international freight transport 

a large number of logistics companies operating in a global environment are changing 

their transport policies towards multimodal transport solutions which, under certain 

conditions, have the potential to reduce transport costs and risks on one hand and to 

increase the speed and reliability of delivery of goods on the other hand. 

Airports as well as ports are hubs of a number of multimodal operations such as 

transhipment, storage, transport of cargo by different modes of transport (Dávid et all, 

2019). According to Railway Technology (2020), several feasibility studies have 

shown that a direct connection between the railway networks and the most important 

airport hubs is feasible, but further studies and research are needed in terms of their 

economic contribution to international freight transport.     

Hubs of integrated air-rail or also road combined transport are commonly used 

in case of passenger transport, but in case of transport of goods, this combination was 

rather behind the main combinations such as road and rail transport, road and 

maritime transport or road and inland waterway transport, which have been the object 

of interest of our previous researches. According to UIC (2020), airports are now 

becoming multimodal hubs concentrating cargo in their cargo centers and distribution 

platforms. 

 

 

2. METHODOLOGY  
 

The main objective of our research is to evaluate and assess the possibilities of 

combined transport of goods with a special focus on innovative non-traditional 

interconnection of air-rail transport modalities. The indroduction of this kind of 

innovations in logistics (Stojčić, 2019) can be a very interesting issue for our research 

interest, which is determined by two aspects. The first one is the ecology and 

environmentally friendly transport solutions and the second one is the geographical 

aspect which is represented with the region of EU 27 (except of Malta) and the United 

Kingdom. These two aspects are in line with the previous focus of our research topics 

of multimodal transport of dangerous goods and its impact on the ecology within EU 
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countries (Minárik, 2019) and sustainable transport of goods using combined transport 

solutions. This research differs from the previous ones by its focus on bimodal air-rail 

transport solution.   

The aim of the article is achieved by verifying the hypothesis which we 

formulate as follows: 

H1: There is a complementary effect (bimodal air-rail transport solutions) 

between the fast and expensive freight air transport with environmental problems and 

relatively cheap and environmentally friendly rail transport.    

All data, which were used for the research, come from Eurostat. These data were 

used to create a database to perform regression analysis in the statistical program gretl. 

We selected the air transport perfomance over national territory (including territorial 

sea) for the analyzed countries. This indicator is expressed in tonne-kilometres and it 

was identified with the dependent variable ln_Air_Transport_Tkm_2018 in the 

creation of the regression model. The indicator of the length of railways was identified 

with the independent variable ln_Railway_Transport_Km_2017. The indicator of the 

GDP per capita in euros for the EU 27 countries and the United Kingdom was included 

in the model, too, and it was identified with the independent variable 

ln_GDP_EUR_2017_P/C. This indicator determines and differentiates the economic 

performance of the countries. Taking the expenditure approach to the calculation of 

the GDP into account, it consists of four basic components: household consumption, 

total investments, government consumption and the net export (the difference between 

the export and import). The GDP´s component of the net export is also one of the 

reasons why  

the indicators of Intratrade import and export in tonnes within EU 27 and the United 

Kingdom were included in the creation of our regression model. The other reason is 

that the transport performance in tonne-kilometres is closely related to the volume of 

transported goods and the capacity of transport modes. We have chosen the indicators 

of Intratrade import and export for the year 2017 and 2018 as well (the independent 

variables Intra_IM_2017_tonnes, Intra_X_2017_tonnes, Intra_IM_2018_tonnes, 

Intra_X_2018_tonnes). The basic rule for the creation of the regression model is the 

recommendation to implement at least one-year time lag in the effects of the 

independent variables on the dependent one. We have purposely implemented the data 

for the Intratrade import and export not only from 2017 (with the time lag of one year) 

but also from 2018 (without any time lag), because we were inspired by two 

approaches to manage capacity and demand in air transportation. They can be 

categorized on the basis of timescale relative to flight operations: strategic planning 

typically occurs months or even years in advance, tactical adjustments on a daily 

basis up to a few hours before operations, and real-time interventions immediately 

(Barnhart et all, 2012). In other words, we assume that the Intratrade import and export 

from 2017 have the impact on the air transport performance in 2018 from the strategic 

planning point of view and the Intratrade import and export from 2018 have the impact 

on the air transport performance in 2018 from the tactical adjustments point of view.  

In the case of the indicator of the length of railways in km in 2017 and the GDP 

per capita in 2017 (independent variables), we follow the recommendation to 

implement at least one-year time lag in the effects of them on the dependent variable. 
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The main purpose of this research was to identify a possible relationship between 

the air transport performance (the air transport is considered the fastest and the most 

reliable one) on one hand and the availability of the railways infrastructure (the rail 

transport is considered ecological and sustainable), the economic performance of the 

country (measured with the GDP per capita) and the Intratrade import and export from 

the strategic planning and tactical adjustments, too, on the other hand. The problemacy 

of the reliability and the performance of the air transportation services has already 

been treated by some authors, but their emphasis was placed on other aspects such as 

the demand and capacity management (Barnhart et all, 2012). 

The existence of a direct relationship between the length of the railways and the 

air transport performance in Tkm could confirm that the air transport plays an 

important role in the combined transport operations within EU 27 countries (except 

of Malta) and the United Kingdom. The existence of an indirect relationship between 

the length of the railways in km and the air transport performance in Tkm could 

confirm that the air transport is being replaced by the railways and it could be an 

evidence of no combined air-rail transport solutions.  

The very existence of the regression model of dependence of the air transport 

performance in Tkm on the length in km of the railways says, that there is a 

certain type of inteconnection between these two modes of transport and it could also 

imply the feasibility of the combined air-rail transport solutions.   

Our first assumption was to create a regression model of dependence of the air 

transport performance in Tkm and the length in km of the railways, navigable inland 

waterways, motorways, GDP per capita and the Intratrade import and export. The lack 

of significance of almost all the transport modes in such a model of multimodal 

solutions conducted us to the creation of a simpler regression model of dependence of 

the air transport performance in Tkm and the length of the railways in km, GDP per 

capita and the Intratrade import and export. which is statistically significant.  

To create the model, we originally used the OLS estimator in Gretl statistics 

program. Due to the presence of heteroscedasticity in the model we needed to find 

other, more suitable estimator like the Heteroscedasticity corrected, which was 

implemented to meet the homoscedasticity condition.  

The resulting linear regression model has the following general equation:  

yi = β0 + β1xi1 + β2xi2 + β3xi3 + β4xi4 + β5xi5 + β6xi6 + ui. 

 

 

3. RESULTS AND DISCUSSION  
  

We found that it is possible to create a model of dependence of the air transport 

performance in Tkm on one hand and the length of railways in km, the amount of 

GDP per capita, the volume of Intratrade import and export among EU 27 countries 

and the United Kingdom, except of Malta on the other hand. This could indicate that 

there is a certain type of connection between air and rail transport modes and it also 

could imply for the future the feasibility of the combined air-rail transport solutions. 

In the following part, we focus on the relationship between the air and the rail 

transport. In the very first step it was used OLS estimator, but due to the presence of 

heteroscedasticity, it was used the estimator Heteroscedasticity corrected (tab. 2)  
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Table 2. Model Heteroscedasticity-corrected, using observations 1-27 (n = 25), 

Missing or incomplete observations dropped: 2, Dependent variable: 

ln_Air_Transport_Tkm_2018 

  Coefficient Std. Error t-ratio p-value  

Const 16,1197 0,974129 16,55 <0,0001 *** 

ln_Railway_Transport_ 

Km_2017 

0,681387 0,100528 6,778 <0,0001 *** 

ln_GDP_EUR_2017_P/C −0,218227 0,0898480 −2,429 0,0258 ** 

Intra_IM_2017_tonnes −1,58276e-07 5,12531e-08 −3,088 0,0063 *** 

Intra_X_2017_tonnes 9,86826e-08 3,22228e-08 3,063 0,0067 *** 

Intra_IM_2018_tonnes 1,65889e-07 5,18498e-08 3,199 0,0050 *** 

Intra_X_2018_tonnes −1,05150e-07 3,41058e-08 −3,083 0,0064 *** 

Sum squared resid  50,65785 S.E. of regression  1,677595 

R-squared  0,976260 Adjusted R-squared  0,968347 

F(6, 18)  123,3701 P-value(F)  1,26e-13 

Log-likelihood −44,30119 Akaike criterion  102,6024 

Schwarz criterion  111,1345 Hannan-Quinn  104,9688 

Mean dependent var  19,78763 S.D. dependent var  1,008806 

Sum squared resid  5,347637 S.E. of regression  0,545060 

Source: Own processing based on the data from EUROSTAT 2017, 2018 using Gretl statitical 

program 
 

To complete the regression analysis, we have also done the test for normality of 

residual -; Null hypothesis: error is normally distributed; Test statistic: Chi-square (2) 

= 0,104348; with p - value = 0,949164. 

The linear regression model has the form in the tab. 3: 
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Table 3. Linear regression equation 

ŷi Constant β xi 

ln_Air_Transport_ 

Tkm_2018 
16,1197 

+ 0,681387 ln_Railway_Transport_Km_2017 

- 0,218227 ln_GDP_EUR_2017_P/C 

- 1,58276e-07 Intra_IM_2017_tonnes 

+ 9,86826e-08 Intra_X_2017_tonnes 

+ 1,65889e-07 Intra_IM_2018_tonnes 

- 1,05150e-07 Intra_X_2018_tonnes 

Source: Own processing based on the data from EUROSTAT 2017, 2018 using Gretl statitical 

program 

 

The above linear regression model from the tab. 2 and 3 can be interpreted as 

follows: if the availability of railway lines (the variable of 

ln_Railway_Transport_Km_2017) is increased by 10 % (data from 2017) and 

assuming the rest of independent variables (ln_GDP_EUR_2017_P/C, 

Intra_IM_2017_tonnes, Intra_X_2017_tonnes, Intra_IM_2018_tonnes, 

Intra_X_2018_tonnes) unchanged, the air transport performance (the variable of 

ln_Air_Transport_Tkm_2018) would increase by 6,81 % per year (2018). This claim 

is limited to the sample of analyzed countries. If the GDP per capita (the variable of 

ln_GDP_EUR_2017_P/C) is increased by 10 % ahead (data from 2017) and assuming 

the rest of independent variables (ln_Railway_Transport_Km_2017, 

Intra_IM_2017_tonnes, Intra_X_2017_tonnes, Intra_IM_2018_tonnes, 

Intra_X_2018_tonnes) unchanged, the air transport performance (the variable of 

ln_Air_Transport_Tkm_2018) would decrease by 2,18 % per year (2018).  

If the volume of Intratrade import to the EU 27 countries and the United 

Kingdom, excluding Malta (the variable of Intra_IM_2017_tonnes) is increased by 

1000 tonnes (data from 2017) and assuming the rest of independent variables 

(ln_Railway_Transport_Km_2017, ln_GDP_EUR_2017_P/C, Intra_X_2017_tonnes, 

Intra_IM_2018_tonnes, Intra_X_2018_tonnes) unchanged, the air transport 

performance (the variable of ln_Air_Transport_Tkm_2018) would decrease by 1,44 

% per year (2018). This claim is limited to the sample of analyzed countries. 

If the volume of Intratrade export to the EU 27 countries and the United 

Kingdom, excluding Malta (the variable of Intra_X_2017_tonnes) is increased by 

1000 tonnes (data from 2017) and assuming the rest of independent variables 

unchanged (ln_Railway_Transport_Km_2017, ln_GDP_EUR_2017_P/C, 

Intra_IM_2017_tonnes, Intra_IM_2018_tonnes, Intra_X_2018_tonnes), the air 

transport performance (the variable of ln_Air_Transport_Tkm_2018) would increase 

by 3,31 % per year (2018). This claim is limited to the sample of analyzed countries. 

If the volume of Intratrade import to the EU 27 countries and the United 

Kingdom, excluding Malta (the variable of Intra_IM_2018_tonnes) is increased by 

1000 tonnes (data from 2018) and assuming the rest of independent variables 
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unchanged (ln_Railway_Transport_Km_2017, ln_GDP_EUR_2017_P/C, 

Intra_IM_2017_tonnes, Intra_X_2017_tonnes, Intra_X_2018_tonnes), the air 

transport performance (the variable of ln_Air_Transport_Tkm_2018) would increase 

by 1,51 % per year (2018). This claim is limited to the sample of analyzed countries. 

If the volume of Intratrade export to the EU 27 countries and the United 

Kingdom, excluding Malta (the variable of Intra_X_2018_tonnes) is increased by 

1000 tonnes (data from 2018) and assuming the rest of independent variables 

unchanged (ln_Railway_Transport_Km_2017, ln_GDP_EUR_2017_P/C, 

Intra_IM_2017_tonnes, Intra_X_2017_tonnes, Intra_IM_2018_tonnes), the air 

transport performance (the variable of ln_Air_Transport_Tkm_2018) would decrease 

by 0,96 % per year (2018). This claim is limited to the sample of analyzed countries. 

 

Table 4. Summary Statistics, using the observations 1 – 27, (missing values were 

skipped) 

Variable Mean Median Minimum Maximum 

ln_Air_Transport_ 

Tkm_2018 

19,688 19,893 16,994 21,933 

ln_Railway_ 

Transport_Km_2017 

8,4698 8,3015 5,6021 10,561 

ln_GDP_EUR_ 

2017_P/C 

10,106 10,057 8,9079 11,463 

Intra_IM_2017_ 

tonnes 

7,0526e+007 2,8517e+007 3,8556e+006 4,0899e+008 

Intra_X_2017_ 

tonnes 

7,0303e+007 3,0385e+007 7,6026e+005 3,5092e+008 

Intra_IM_2018_ 

tonnes 

7,1347e+007 3,0775e+007 3,8587e+006 4,1217e+008 

Intra_X_2018_ 

tonnes 

7,0411e+007 3,1825e+007 7,6026e+005 3,3064e+008 

Variable Std. Dev. C.V. Skewness Ex. kurtosis 

ln_Air_Transport_ 

Tkm_2018 

1,1090 0,056327 -0,50406 0,52242 

ln_Railway_ 

Transport_Km_2017 

1,1764 0,13889 -0,21867 -0,29207 

ln_GDP_EUR_ 

2017_P/C 

0,62771 0,062115 0,11739 -0,73164 

Intra_IM_2017_ 

tonnes 

9,3229e+007 1,3219 2,1890 4,6937 

Intra_X_2017_ 

tonnes 

8,9645e+007 1,2751 2,0227 3,3363 

Intra_IM_2018_ 

tonnes 

9,3289e+007 1,3075 2,2143 4,8550 

Intra_X_2018_ 

tonnes 

8,7698e+007 1,2455 1,9649 3,0603 



20th international scientific conference Business Logistics in Modern Management 
October 7-9, 2020 - Osijek, Croatia 

 

 

13 

   

Variable 5% Perc. 95% Perc. IQ range Missing obs. 

ln_Air_Transport_ 

Tkm_2018 

17,144 21,656 0,95825 0 

ln_Railway_ 

Transport_Km_2017 

6,0386 10,466 1,9056 2 

ln_GDP_EUR_ 

2017_P/C 

9,0117 11,296 1,0100 0 

Intra_IM_2017_ 

tonnes 

5,0507e+006 3,3421e+008 6,9480e+007 0 

Intra_X_2017_ 

tonnes 

3,3742e+006 3,3647e+008 7,6867e+007 0 

Intra_IM_2018_ 

tonnes 

5,1510e+006 3,3816e+008 6,7026e+007 0 

Intra_X_2018_ 

tonnes 

3,3742e+006 3,2669e+008 7,9432e+007 0 

Source: Own processing based on the data of EUROSTAT 2017, 2018 using Gretl statitical 

program  

 

The independent variable of ln_Railway_Transport_Km_2017 represents the 

length of the railways in each of the analyzed countries in 2017.  

The independent variable of ln_GDP_EUR_ 2017_P/C represents the volume of 

GDP per capita in each of the analyzed countries in 2017. 

The independent variable of Intra_IM_2017_tonnes represents the volume of 

Intratrade import to each of the analyzed countries in 2017. 

The independent variable of Intra_X_2017_tonnes represents the volume of 

Intratrade export from each of the analyzed countries in 2017. 

The independent variable of Intra_IM_2018_tonnes represents the volume of 

Intratrade import to each of the analyzed countries in 2018. 

The independent variable of Intra_X_2018_tonnes represents the volume of 

Intratrade export from each of the analyzed countries in 2018. 

The dependent variable of ln_Air_Transport_Tkm_2018 represents the transport 

performance of the air transport mode which is expressed with the tonnes multiplied 

by the kilometres. 

The claim that if there is an increase in the length of railways, in other words an 

increase in their availability, there will also be an increase in the use of air freight 

transport is based on the current state of combined transport, which favors more air-

rail combined freight transport within the European continent and less a single no 

combined air or rail transport.  

Eurostat (2018) provides statistics which reveal that the air transport 

performance reaches about 0,4 % in 2018 of the total transport performance of all 

other modalities such as rail, road, maritime and inland waterways (fig. 3). 
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Figure 3. EU 27 countries´and the United Kingdom´s modal split of freight transport 

in % - year 2018 

 
Source: own processing based on data from Eurostat (2018) 

 

Returning to the description of our model, we see that the length and availability 

of railways, GDP per capita and the Intratrade export and import for the 2017 and 

2018 have an important impact on the air transport performance in Tkm. We are 

talking here mainly about the complementary effect, which occurs not only as a model 

situation, but also as a real situation, especially in case of commodities that can be 

transported within the air-rail combined transport usually using containers as 

manipulation units. The above complementary effect can come from the assumption 

of the existence of a quality railway networks, which will also enable high-speed 

freight transport.  

The commodities, which are time sensitive, perishable deliveries, or shipments 

of high value and, of course, smaller dimensions, are commonly transported by air. 

According to International Civil Aviation Organization the world´s air freight traffic 

reached 58 million of tonnes, Europe´s air freight traffic represents 26,1 % of total air 

freight tonne-kilometres (ICAO, 2018). 

 

Table 5. Confidence interval t (18, 0,025) = 2,101 

 Variable Coefficient 95 confidence interval 

Const 16,1197 (14,0731, 18,1662) 

ln_Railway_Transport_ 

Km_2017 

0,681387 (0,470185, 0,892589) 

ln_GDP_EUR_2017_P/C -0,218227 (-0,406991, -0,0294638) 

Intra_import_2017_tonnes -1,58276e-007 (-2,65955e-007, -5,05973e-008) 

Intra_export_2017_tonnes 9,86826e-008 (3,09849e-008, 1,66380e-007) 

Intra_import_2018_tonnes 1,65889e-007 (5,69568e-008, 2,74821e-007) 

Intra_export_2018_tonnes -1,05150e-007 (-1,76804e-007, -3,34965e-008) 

Source: Own processing based on the data of EUROSTAT 2017, 2018 using Gretl statitical 

program 
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The confidence interval from the tab. 5 discovers that if the length of railway 

networks (the variable of ln_Railway_Transport_Km_2017) increases by 10 %, the 

air transport performance (the variable of ln_Air_Transport_Tkm_2018) would 

increase by more than 4,7 % of Tkm and less than 8,93 % of Tkm per year 2018. 

It also discovers a very interesting fact, if the amount of GDP per capita (the 

variable of ln_GDP_EUR_2017_P/C) increases by 10 %, the air transport 

performance (the variable of ln_Air_Transport_Tkm_2018) would surprisingly 

decrease by more than 0,29 % of Tkm and less than 4,07 % of Tkm per year 2018. 

The question why it should be so is not very easy to response, but we assume that a 

dominant part of the EU economy is composed with the tertiary service sector. Some 

sources (Eurostat, 2019) indicate that the service sector represents around 70 % of the 

EU´s GDP. When we are talking about the freight transportation we focus only on 

goods. The services are not the transportation issue. The GDP growth of the EU 

countries is mainly based on the growth of the service sector, but this growth does not 

directly contribute to the growth of the transport sector or transport performance. The 

quality of life and the comfort directly resulting from the development of transport 

technologies is growing with the development of the EU economy (Štimac & Vištica, 

2018).   

The previous response says only why the air transport performance does not 

increase, now, we also attempt to response why does it decreases. Finding a clear 

answer is difficult, too, but we assume that the main reasons are the EU initiatives of 

transforming the economy of the EU member states to an economy based on 

digitalization and knowledge. They are already making concrete steps.  

The testing of hypothesis for the variable ln_Railway_Transport_Kilometre was 

processed, too: H0: β1 = 0, H1: β1 ≠ 0, │(0,681487 – 0) / 0,100528│ > 2,101;  

6,778 > 2,101. Based on this testing, we reject H0. The coefficient for the variable 

ln_Railway_Transport_Kilometre has a statistical significance. This claim means that 

the availability of the railway lines in km affects the air transport performance in Tkm. 

It was used the same process for the testing of the hypothesis for the rest of the 

independent variables and for all of them the H0 was rejected. It means that the 

coefficients for all of the independent variables included in the model are statistically 

significant and they affect the air transport performance in Tkm. 

For the statistical significance, it also was proceeded the verification of our 

regression model as a whole at the level of significance α = 0,1. H0 means that the 

linear regression model shows the fact, that it is not statistically significant, H1 means 

that the linear regression model shows the fact, that it is statisticaly significant. The 

critical value of F0,1 (6,18) = 2,6613; the F value calculated from our regression model 

is 123,3701. Since 123,3701 > 2,6613, the null hypothesis H0 is rejected. 

Also the p - values from our regression calculations confirm the fact that on one 

hand the null hypothesis is rejected and on the other hand the alternative hypothesis 

H1 is accepted. 

Focusing on the coefficient of determination, we can see that it reaches  

R2 = 0,9763. It means that our linear regression model with independent variables xi1 

(length of railway lines in kilometres by the end of 2017), xi2 (GDP per capita in euros 
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in 2017), xi3 (volume of Intratrade import to analyzed countries in 2017), xi4 (volume 

of Intratrade export from analyzed countries in 2017), xi5 (volume of Intratrade import 

to analyzed countries in 2018) and xi6 (volume of Intratrade export from analyzed 

countries in 2018) explains 97,63 % of the variability of dependent variable ŷi (air 

transport performance, which is expressed in Tkm). The remaining 2,37 % of the 

variability of the dependent variable depends on the factors and random effects, which 

are not included in this regression model.  

The main conclusion from this analysis is the claim that the linear regression 

model, which treats the dependence of air transport performance on the length of 

railways in km, GDP per capita and the volume of Intratrade import and export shows 

the statistical significance. 

 

 

4. CONCLUSION 

 

The topic of this acticle is inspired by our previous researches about the 

multimodal transport of dangerous goods and its impact on the ecology and others 

which were related to the idea of combined transport of goods. The main aim of the 

research presented in this article was to evaluate and assess the possibilities of 

combined transport of goods with a special focus on non-traditional interconnection 

of air-rail transport modalities. An in-depth analysis of data from Eurostat was 

performed to achieve this objective. The data we needed were related to the air 

transport performance in Tkm, the length of the railways in km, the amount of GDP 

per capita in euros and the volume of Intratrade imports and exports for 2017 and 

2018. These data allowed us to form a database which was processed in Gretl 

statistical program into a regression analysis. The result of the regression analysis is 

a linear regression model of dependence between the air transport performance in 

Tkm on one hand and the quality or availability of railway infrastructure (length of 

railways in km), the GDP per capita in euros and the volume in tonnes of Intratrade 

import and export for 2017 and 2018.  

The very existence of this model, which is statistically significant leads us to the 

conclusion that there is a certain type of interconnection between these two transport 

modalities and this fact also implies the feasibility of the combined air-rail transport 

solutions. On the basis of this claim, we accept the idea that the transport of goods in 

the EU 27 countries (except of Malta) and the United Kingdom is feasible through 

environmentally friendly combined transport solutions (the non-traditional 

combination of air-rail transport modalities). 

Our resulting model depicts the direct relationship between the length of the 

railways in km and the air transport performance in Tkm. This direct relationship 

could be an evidence of combined air-rail transport solutions. This fact is seen as a 

complementary effect of these two modalities, it means that the air transport is being 

complemented with the railways. Due to the complementarity of the air transport with 

the rail transport, it also can be emphasized the aspect of environmentally friendly 

combined transport solution since the rail transport is generally seen as ecological. On 
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the basis of this claim we accept the hypthesis H1 which says that there is a 

complementary effect (bimodal air-rail transport solutions) between the fast and 

expensive freight air transport with environmental problems and relatively cheap and 

environmentally friendly rail transport. 

Our model attempts to confirm the possibility of creating a bimodal solution for 

the transport of goods within the EU 27 (except of Malta) and the United Kingdom, 

focusing on a non-traditional combination of air-rail transport modalities. This 

combination presupposes the existence of transport hubs on which the goods are, or 

in the future will be, transhipped from one modality (train) to another (aircraft) and 

vice versa. This solution may also be interesting due to the need to solve the high 

congestion of roads (UIC, 2020). Environmentally sustainable combined freight 

transport solutions have been implemented so far mainly on long journeys, as they 

have been inefficient for medium-long and short ones due to time delays in freight 

transport. The mere transfer of goods from one modality to another presupposes the 

need to calculate the additional time necessary for this transfer. The last question in 

this context which we will answer, is why the air-rail transport combination is not 

already widely used comparing the combinations of the rest of the transport 

modalities? The main problem is the need of developed infrastructure in the form of 

air-rail hubs and not only separate railway networks and airports.  

Our further research will be focused on how the combined transport has been evolved 

within the EU 27 countries and the United Kingdom in the period of the last decade 

or more and which factors have had the biggest influence on the evolution. 
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Abstract 

 

After a detailed analysis of each railroad route alternative, the problem of route 

evaluation in the process of planning and designing is reduced to making a decision 

concerning its optimal selection. In this article the authors emphasize the significance 

of the reconstruction of the railroad route connection for the development of the North 

Adriatic Ports, Rijeka, Koper and Trieste. The most important project related to North 

Adriatic Port’s railway transport system is the construction of a new high-efficiency 

railroad which will connect the ports of Rijeka, Koper and Trieste. The construction 

of a new high-efficiency railway will create a significant shortening of railroad links 

of South East Europe with its central and western parts and will improve the 

conditions of traffic exploitation of the North Adriatic transport route. The objective 

of this paper is to show that the application of the multi-criteria analysis can lead to 

conclusions regarding the evaluation and selection of the appropriate railroad 

transport route. In order to fulfill the research objective, a model comprising criteria 

and sub-criteria for railroad route evaluation is defined. The proposed model was used 

for the evaluation of the railway route Rijeka-Koper-Trieste by applying the 

PROMETHEE II method for multi-criteria ranking of alternatives. 

 

Key words: railway transport system, North Adriatic Ports, multi-criteria analysis, 

railway route evaluation. 
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1. INTRODUCTION 

 

North Adriatic Ports developed primarily due to their favourable geographical 

position at the intersection of the traffic direction Adriatic-Danube region. The North 

Adriatic Ports Association (NAPA) - comprising ports of Ravenna, Venice, Trieste, 

Koper, Rijeka, Monfalcone and Chioggia – has the main objective to direct the ports 

to operate in the international market as a single multi-port system. Ports agreed upon 

strengthening the links between transport infrastructure of the North Adriatic transport 

route and the Pan-European transport corridors, supporting inclusion of the Central 

European Transport Corridor in the TEN - T network (Perkovič et al., 2013, NAPA, 

2020). NAPA ports act as mutually competitive port systems considering their 

common hinterland area. Beyond, they are representing common market competition 

toward other geo-traffic flows where goods from countries of Middle Europe are 

transported.  

The general perspectives of this paper are the analysis of applying the model of 

the optimization of the selection of a railroad route by using the process of the multi-

criteria ranking of variants. The set model was tested on an example of the analysis of 

the variants of the routes of the Rijeka – Koper – Trieste high efficiency railroad line 

connecting the three main North Adriatic Ports. 

In the article Vilke et al. (2017) a model for the selection and evaluation of the 

optimal container transport route has been set and developed. The importance of 

certain groups of criteria and criteria respectively, determined in the model together 

with parameters’ values of appropriate criteria for the defined variant solutions, were 

used as input data. Four possible transportation services, of which two variants 

comprising the Northern traffic flow and two comprising the Southern traffic flow 

through the NAPA ports respectively, were determined and analysed through the 

proposed model. Findings regarding optimal transport route determination were 

verified with the MCA application, applying the Preference Ranking Organisation 

METHod for Enrichment of Evaluations (PROMETHEE) and Geometrical Analysis 

for Interactive Aid (GAIA) methods using the Visual PROMETHEE software 

(Mareschal, 2013).  

Kosijer et al. (2012) have developed a methodology for the selection of the 

railroad route that is based on the methods of multi-criteria decision-making.  The 

verification of the proposed methodology was conducted on the example of the 

selection of one of the four variants of the railroad route on the section of Corridor X, 

between the Inđija and Novi Sad stations. In this research the method of multi-criteria 

compromise ranking VIKOR was applied enabling the choice of the railroad route 

through the evaluation of criteria expressed via quantitative as well as qualitative 

units. This method focuses on the ranking and selection of an alternative in the 

presence of conflict criteria, and the solution that is chosen is the one that is the closest 

to the optimal solution, which is a so-called compromise solution on the basis of the 

adopted measure of distance.  

Krpan et al. (2017) have set the methodology for the selection of a railroad line 

in accordance with the process of the multi-criteria ranking of variants. In this research 

the adopted model consists of five sets of criteria each comprising u number of 

specific criteria. In accordance with the so-defined criteria and appropriate weighting 
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coefficients, a multi-criteria analysis of the evaluation of the variants of the railroad 

line Rijeka – Koper – Trieste has been applied. The reliability and functionality of the 

proposed model has been proven through the conducted analysis.  

The objective of the proposed paper representing the continuation of research 

(Krpan et al., 2017) is to justify the application of the multi-criteria analysis regarding 

the evaluation of the appropriate railroad transport route. Due to the impact of many 

parameters on the performance of an investment in the traffic infrastructure and a 

highly variable environment in which the project is implemented, this paper elaborates 

a new model for the evaluation of a railway line.  The model for the evaluation of the 

railway line set in this paper contains a larger number of urban planning and a larger 

number of ecological criteria in relation to (Krpan et al., 2017) thus putting emphasis 

on the environment issue. Moreover, in this research there have been defined 11 extra 

criteria thus setting a wider analysis for the evaluation and selection of a railway 

transport route. 

In order to perform the analysis following research questions have been set. Is 

the multi-criteria analysis, i.e. Promethee II, the appropriate method for evaluating 

and choosing the optimal railway route? What is the impact of economic criteria 

especially those concerning the costs of the route construction and maintenance? How 

does the constructional and urban-planning criteria affect on transport elements? What 

is the effect of the wide range of environmental features on the railway route 

eksploatation?   

After determining the variants for the Rijeka – Koper – Trieste railway line, in 

accordance with the methodology of the process of the multi-criteria ranking of 

variants, the parameters of sub-criteria within the groups of the evaluation criteria 

have been defined. In accordance with the appropriate weighting coefficients, a multi-

criteria analysis of the evaluation of variants has been applied using the 

PROMETHEE II method for multi-criteria ranking of alternatives. 

 

 

2. GEO-TRAFFIC AND LOGISTICS ASPECTS OF NORTH ADRIATIC 

PORTS  

 

North-Adriatic transport route with final points being ports of Rijeka Koper and 

Trieste, is the shortest natural thus the most economical way Europe is connected with 

the Mediterranean and, by sailing through the Suez Canal, with most of the countries 

in Asia, Africa and Australia. This route connects two economically complementary 

worlds: the industrially developed countries of Western Europe and the Asian and 

African developing countries (Kos et al., 2016).  

The Northern Atlantic traffic direction with the ports of Hamburg, Rotterdam, 

Antwerp, Bremen and Amsterdam acts as dominant in the port service market. In spite 

of longer distance, utilization of the northern route is constantly increasing 

accentuating the competitiveness problem towards North Adriatic Ports. Greater 

distance is compensated with other logistic elements, such as contemporary roads and 

railway network, developed application of modern traffic technologies and cargo 

handling, operation organization on the overall transportation path, logistic and IT 

network, active ports’ and railways’ commercial and pricing policy, etc. 
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Table 1. Sea distances (in nautical miles) between ports of Rijeka (Croatia), Trieste 

(Italy) and Hamburg (Germany), and significant global ports 

Port Rijeka Trieste       Hamburg   

Port Said 1 254 1 294 3 551 

Bombay 4 315 4 340 6 620 

Shanghai 8 555 8 589 10 855 

New York 4 785 4 814 3 535 

Lagos 4 765 4 999 3 720 

Buenos Aires 6 955 6 983 6 665 

Singapore 6 275 6 308 8 585 

Hong Kong 7 734 7 768 10 029 

 

Sea distances from the Northern Adriatic ports to the Suez Channel represents 

one third of the same distance towards North Sea European ports. Considering 

Northern and Western European ports, sea distance from Far East ports and Northern 

Adriatic ports is approximately 2 000 nautical miles shorter, resulting in shorter 

travel/voyage time up to ten days (Table 1).  

Considering land cargo traffic directions, main Central European industrial and 

commercial centres are closer to the North Adriatic ports for 400-600 km (Table 2). 

In spite of elaborated facts, present cargo flow in North Adriatic region is not suitable 

to its favourable geographical advantages, as the majority of traffic is passing through 

Northern and Western European ports. In general, goods originating from Danube 

region are faster and/or with lower process transported by longer but more 

contemporary inland transportation service, both roads and railways, and slower 

and/or with higher prices by using mountainous transportation links towards 

geographically closer/nearer Northern Adriatic ports. Prevalent factor for selecting the 

traffic flow, besides cargo transportation price, is the transport speed. Thus, two 

physically different distances are becoming economically equal, even pointing an 

economic advantage of the longer transportation route (Vilke, 2012). 

 

Table 2. Railway distance (in km) of the Northern Adriatic and North European 

ports to specific Central European economic centres 

Railway Rijeka Koper Trieste Hamburg Rostock 

Budapest 592 634 626 1406 1166 

Bratislava 602 650 639 1022 980 

Prague 806 854 810 686 644 

Vienna 580 599 584 990 984 

Linz 557 549 517 911 923 

Munich 563 599 527 777 876 

 

Important transportation links from landlocked Central European countries to 

seaports on the Adriatic coast intersect on the territory of Croatia, Slovenia and Italy 

with other important traffic flows which move from Central and Western Europe to 
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South-eastern Europe and the Middle East. Therefore, countries in the Northern 

Adriatic region act primarily as transit ones. Transport connection of the Danube and 

the Adriatic geographical area represents the connection of national areas with the 

Mediterranean area and its hinterland, which connects the continental countries of 

Central Europe with Mediterranean. 

Movement of cargo flows and generation of particular traffic flows are nowadays 

governed by global logistics and large shipping companies according to their interests. 

In global and European market, the role of port systems considerably changed; certain 

advantages and drawbacks are evaluated by traffic and economic as well as political 

interests of individual countries. For instance, maritime cargo transportation from 

Asia to Malta employing the ship of equal size and general features is more expensive 

than from the same origin to the port of Hamburg, nevertheless the distance of the 

voyage. In general, the price of the total transportation from Asia to Hungary is 

approximately on the same level if it is conducted through northern Adriatic or North 

Western European ports. Thus, competitiveness of North Adriatic ports is reduced, 

while the selection of these ports depends primarily on large Asian carriers, as well as 

of countries governments’ politics (Vilke et al., 2017). 

 

 

3. MULTI-CRITERIA ANALYSIS – METHODOLOGY AND APPLICATION 

 

A comprehensive valorization of individual variants of the route of inland traffic 

infrastructure is a complex and sensitive process that imposes an approach that takes 

into account the simultaneous effect of a number of different criteria. The concept that 

involves the ranking of individual variants and the selection of an optimal one in 

relation to the simultaneous effect of a number of different criteria is provided by the 

method of a multiple-criteria ranking of variants (Vilke et al., 2013). 

Each multi-criteria problem consists of many different and in most cases 

contradictory criteria that may be of different significance for the decision-maker. 

Most methods for the selection of the best solution, i.e. methods for the multi-criteria 

decision-making require information about the relative importance of each criteria. 

The significance estimation of the criteria is assigned by the decision-maker himself 

or it is based on the opinion of the group of experts in the corresponding filed 

(Roubens, 1982). 

General features of each multi-criteria problem, different from single criterion 

problems, consist of the following elements (Nikolić & Borović, 1996): 

- more decision-making criteria (objective function, criteria function),  

- more alternatives (solutions) to select from, 

- the process of the selection of one alternative. 

 

3.1. Application of the multi-criteria analysis in traffic planning and design 

 

The prerequisite for the implementation of the multi-criteria analysis in transport 

planning and designing is the determination of the criteria and its importance and 

function, whose modification can lead to the perception of their impact to the selection 

of the optimal transport route. Since preferences being a relatively subjective factor, 
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the intentions of a decision-maker are taken into consideration by defining the 

importance of the criteria in respect to their weighting coefficients.  

One of the important prerequisites for reaching the desired effects of 

management and decision-making is making quality problem solving decisions in 

every phase. A decision maker is usually a natural or legal person who is responsible 

for the adoption of a final optimal solution or variant. That means, traffic experts are 

not the only ones who participate in the evaluation and selection of an optimal variant 

in traffic planning while an important role is played by officials at various levels of 

decision-making. Their primary role is to determine the criteria and preference 

structure and, with the help of experts, select a final solution. The structure of the 

decision-makers’ preference is generally based on technical, economic, social and 

political criteria. If the preference structure is known before the optimization process, 

the decision-making process is relatively simple, and in the case of changes in the 

structure during the process, the process becomes much more complex (Karleuša et 

al., 2003). 

The application of the multi-criteria analysis is acceptable under the following 

conditions:  

1. a detailed definition of the criteria and an objective evaluation of their 

importance, 

2. a detailed elaboration of variant solutions, i.e. an equal level of the 

processing of criteria for each variant, on the basis of which a mutual 

comparison of variants in relation to the accomplishment of criteria is 

possible, 

3. an evaluation of all variants according to the adopted criteria, 

4. a collaboration between the officials of the community and experts form 

different fields. 

When analyzing the application of certain criteria in the procedures of transport 

planning and designing, it is clear that there are no dominant criteria, and that their 

importance varies depending on each individual problem. Individual problems of the 

selection of a potential transport route require the collection and analysis of a wide 

variety of data and include the work of experts from various fields. It is particularly 

important to include the public in the selection of potential solutions. The multi-

criteria analysis as the process of evaluating and selecting the best scenario implies 

that the variant that gives the optimum value of the objective function according to 

the predetermined criteria is selected as the optimal variant. The problem of selecting 

the optimal variant in transport planning and designing is very compounded since all 

the conditions and limitations, which include technical, technological, physical, 

geographical, economic, ecological and other requirements, should be thoroughly 

taken into account. 

 

3.2. The theoretical determinants of the PROMETHEE method  

 

The objective of variant ranking is the reduction of the decision-making area and 

the quantified representation of facts that are important during the decision-making 

proceeding. The multi-criteria optimization is particularly important in the decision-

making process of the selection of an optimal variant from a set of variants that differ 
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depending on the acquired criteria. One of the most important methods of multi-

criteria optimization is the PROMETHEE method. The method was defined and 

elaborated in the research conducted by Brans et al. in the year 1984. 

The main settings on which the PROMETHEE (Preference Ranking 

Organization METHod for Enrichment Evaluations) method for a multi-criteria 

ranking of variants is based on are the following (Brans et al., 1984): 

1. The coverage of the criteria. 

2. The evaluation of the relation of a “higher rank”. 

3. The use of the relation of a higher rank. 

The coverage of the criteria is based on the expansion of the criteria by 

introducing the preference function, which gives the preference of the decision-maker 

for the variant a in relation to the variant b. Thus, the preferences are modified in such 

a way that each criteria is observed through six possible functions of preference (six 

different types of criteria) based on their intensity. Some of them allow intransitivity 

of indifference, while others provide smooth or impulsive transfer from indifference 

to strict preference. The defined functions of preference or types of criteria can be 

used when solving the majority of the problems of multi-attribute decision-making.  

The application of criteria set in this way allows the evaluation of a “higher 

rank”. The relation of a higher rank is less sensitive to minor changes of parameters 

and its interpretation is rather simple. 

Using the relation of a higher rank implies a specific use of an estimated relation 

of a “higher rank”, especially in the case of variants that have to be ranked from the 

best to the worst ones. In this way, the PROMETHEE I method allows a partial 

ranking of variants, namely, the ranking that enables different variants to be at the 

same rank, thus allowing the utilization of certain ranks. Full ranking, in which each 

individual variant is distinctly ranked in dependence to the function of preference, 

may be achieved by means of the PROMETHEE II method (Brans et al., 1984). 

The PROMETHEE II method for the multi-criteria ranking of alternatives is 

mostly used in practical application in transport planning and designing since it allows 

ranking determination. On the basis of the exact data input, this method enables both 

a partial and complete ranking of a large number of variants with respect to a larger 

number of criteria. The method provides the complete relation in which all the 

alternatives are completely ranked. The existence of a higher abstraction degree is 

enabled since part of information is lost due to the balanced effects between the input 

and output flow. 

 

4. MODEL FOR THE EVALUATION OF A RAILROAD ROUTE 

 

Given that the quality of the implemented selection procedure for the best 

railroad line variant and the accuracy of the final decision directly depend on the 

quality of the selected criteria, it is extremely important to do well in determining the 

criteria and measures for the optimization implementation. Experts must participate 

in defining the criteria to ensure that the assessment of the criteria importance does 

not succumb to a subjective approach (Vilke, 2013). 
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The most significant way for dividing the criteria for the evaluation and selection 

of the railroad traffic route is the one that makes a difference between the variants of 

the evaluation of the criteria. According to that, there are two different sets of criteria:  

- a set of criteria that is evaluated on the basis of concrete, exact and 

quantitatively expressed data, 

- a set of criteria that is evaluated on the basis of the subjective opinion of 

researchers who are assumed and required to have sufficient knowledge of 

the problems and criteria that they will be evaluating. 

To set up a model for the evaluation and selection of the railroad transport route, 

the criteria and sub-criteria have been defined and their evaluation, i.e. the assigning 

of weighting coefficients has been performed. For the purpose of the evaluation and 

selection of the railroad routes and the application of the multi-criteria optimization 

method, criteria and sub-criteria were defined according to the information obtained 

from a large number of experts, planners, designers as well as scientific researches in 

the field of traffic planning. The criteria for the evaluation of railroad routes are 

divided into five thematic groups that are divided into less complex components or 

sub-criteria.  

 

Table 3. Thematic groups of criteria and sub-criteria for evaluation and selection of a 

railroad route and their assigned weighting coefficients 

CRITERIA 

(%) 

SUB - CRITERIA 

Full name Value 

E
co

n
o

m
ic

 

17% 

Costs of the of the route construction 26 

Costs of maintenance 15 

Costs of management  10 

Influence on the land depreciation of the local 

population  
17 

Exploitation costs of rolling stock  8 

Development of tourism in the zone of influence 8 

Development of economic activities in the region  16 

T
ra

n
sp

o
rt

 

25% 

Integration into the city railway system 6 

Integration into the intermodal traffic system 10 

Proximity of passenger aprons with regards to 

other traffic terminals  
6 

Route position at the facilities 12 

Route length  8 

Capacity of railway line 17 

Train journey duration 12 

Transport reliability and speed 10 

Transport safety 19 

C
o

n
s

tr
u

ct

io
n

-

te
c
h

n

ic
a

l 

10% 

Technical complexity of the construction of the 

route 
38 

Terrain geology and seismology 20 
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CRITERIA 

(%) 

SUB - CRITERIA 

Full name Value 

Passing of the route through common 

infrastructure corridors (yes/no) 
18 

Availability of space (free land) 24 

U
rb

a
n

 p
la

n
n

in
g

 

23% 

Visual landscape impact 23 

Damage to the relief and possibilities of recovery 12 

Attracting other activities that endanger the 

geomorphological features of the area 
11 

Impact on the development of the potential in 

urban planning 
14 

Deviation of the route from the aviation line 5 

Space limitations 10 

Spatial units preservation and land taking 12 

The layout occupancy of the  land area of 

particular variant solutions 
13 

E
co

lo
g

ic
a

l-
so

ci
o

lo
g

ic
a

l 

25% 

Environmental impact 15 

Spatial impact 8 

Noise impact 7 

Vibrations impact 5 

Influence of meteorological conditions  4 

Impact of the route on the water and soil pollution 8 

Conservation restrictions 6 

Impact on the wider community 6 

Protected parts of nature and cultural heritage* 9 

Protected areas and habitat (ecological network) 11 

Influence on the population 9 

Distance from the tourist zones 6 

Distance from populated areas 6 
Source: Prepared by authors according to (IGH, 2014.). 

 

The model for the evaluation of the railroad route that includes the thematic 

groups of criteria and sub-criteria and their assigned weighting coefficients is 

presented in Table 3. The importance of the thematic groups of criteria is mutually 

compared and the weighting coefficients are normalized so that their sum is 

100%. Furthermore, the weighting coefficients of the sub-criteria within a certain 

thematic group of criteria are normalized so that the total possible sum within each 

group of criteria amounts to 100%. 
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5. APPLICATION OF THE PROMETHEE METHOD IN THE PROCESS OF 

RAILROAD EVALUATION: RIJEKA-KOPER-TRIESTE RAILWAY LINE 

 

For the optimization of the railway route selection that would connect the ports 

of Rijeka, Koper and Trieste, a process of the multi-criteria ranking of variants has 

been applied, the method PROMETHEE II, and the computer software for the multi-

criteria optimization, “Visual PROMETHEE”. For the evaluation of the railway route, 

the multi-criteria analysis was implemented in four phases in the following order: 

1. determining of alternative solutions for the railway route, 

2. evaluation of individual variants in accordance with the defined criteria and 

sub-criteria, 

3. comparison and ranking of individual variants, 

4. making of the decision on the optimal alternative solution. 

Construction of high-speed railway from Northern Italy to Ljubljana has been 

included in Italian and Slovenian transportation policies’ priorities as a part of Priority 

Project No.6 of the Trans-European transport network (TEN-T), or Pan-European 

Corridor V, respectively (Figure 1). 

 

Figure 1. Venice – Trieste - Ljubljana high-speed railway route Venecija – Trst 

 
Source: EC, 2017 

 

By analysing potential route corridors of the individual section Rijeka – Koper 

– Trieste, seven variants with several sub-variants have been selected (IGH, 2014.). 

After an analysis of significant environmental elements, investment costs and 

constructional-technical elements, three potential options have been selected. Variants 

of the railway route chosen for multi-criteria analysis are as follows: (Figure 2)   

 Variant 1: Jurdani – Pivka train station – Divača train station, 

 Variant 2: Jurdani – Divača train station, 

 Variant 3: Jurdani – connection on new Koper – Divača railway line. 
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Figure 2. Rijeka – Koper – Trieste railway variants 

 
Source: IGH, 2014 

 

The research subject is the Rijeka (Jurdani) – Trieste (Opicina) railway section. 

There are existing plans for the railroad reconstruction starting from the Divača 

station, i.e. construction of new double-track from the Divača train station towards 

Trieste is planned. New tracks from Rijeka are planned in a way that the connection 

on planned railway is realized. Through the planned connection of Trieste - Aurissina 

- Palmanova - Venezia with previously described railway variant, interconnection of 

ports of Rijeka, Koper and Trieste is ensured. In this way, ports are connected on 6th 

TEN-T network corridor. As for port of Rijeka, it conjugates on a new railway Rijeka 

- Zagreb (EC 2017, Dundović et al 2010, Vilke et al. 2011).  

 

5.1. An analysis of railroad route variants  

 

All three selected variants for the railway connection of the North Adriatic ports 

begin at the Jurdani station near Rijeka. An overview of the defined railroad route 

variants is presented in Figure 3. 

The Variant 1stretches from the Jurdani station through Ilirska Bistrica to the 

Pivka station. The length of the planned route is 35.9 km. Considering the connection 

of the railway from Pivka to Divača as the end point of all variants whose length will 

after the reconstruction amount to about 16 km, the total length of the route is 

approximately 51.70 km.  

The coupling to the existing Divača – Pivka – Ljubljana railroad line is planned 

at the Pivka station. Through that railway line, a connection between Rijeka and 

Trieste and Koper is planned via the new Divača – Koper line. The route terminates 

at the Postojna station. 

The total length of facilities of the proposed solution amounts to 19.3 km, of 

which 11.6 km comprises the length of bridges and viaducts and 7.7 km is the planned 

length of tunnels. 

The railroad route of Variant 2 extends from the Jurdani train station over 

Lupoglava to the Divača train station. The total route length is 64.32 km, of which 
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35.4 km is situated on the territory of the Republic of Croatia and the remaining 28.92 

km is located on the territory of the Republic of Slovenia. 

The total length of facilities at the defined variant is 35.4 km, of which 6.5 km 

consists of bridges and viaducts and even 28.9 km is the proposed length of tunnels. 

That means, the share of bridges and viaducts on the route is more then 10 % and the 

share of tunnels is nearly 45 %. 

As mentioned, the railroad route of Variant 3 extends from the Jurdani train 

station over Koper through the new railway line to Divača train station. 

The total length of the planned railway line according to Variant 3 is 50.3 km, 

of which 38.5 km is situated on the territory of the Republic of Croatia and the 

remaining 11.8 km is located on the territory of the Republic of Slovenia. 

Accordingly, the share of bridges and viaducts on the defined route is more then 32 

% and the share of tunnels is nearly 40 %. 

 

Table 4. Criteria evaluation for railway variant solutions  

CRITERIA (%) 

SUB-

CRITERIA 
Unit/ 

Object 

function 

Variant 

Mark I II III 

E
co

n
o

m
ic

 

  

17% 

C1 
Mil EUR 

Min 
1366 1738 1976 

C2 
000 EUR 

Min 
1094 1943 1497 

C3 
000 EUR 

Min 
545 998 804 

C4  
Rating 

Min 
6 7 8 

C5  
Rating 

Min 
5 4 5 

C6 
Yes/No 

Max 
No Yes Yes 

C7 
Yes/No 

Max 
Yes No No 

  
  

  
  

  
  

  
  
  

  
  
  

  
  
  

  
T

ra
n

sp
o

rt
 

  

25% 

C8 
Yes/No 

Max 
Yes Yes Yes 

C9 
Yes/No 

Max 
No Yes Yes 

C10 
Rating 

Min 
8 5 5 

C11 
Rating 

Min 
4 4 6 

C12 
km 

Min 
51.70 64.30 50.30 

C13 
Rating 

Min 
7 7 8 

C14 Rating 6 8 6 
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CRITERIA (%) 

SUB-

CRITERIA 
Unit/ 

Object 

function 

Variant 

Mark I II III 

Min 

C15 
Rating 

Min 
5 5 7 

C16 
Rating 

Min 
6 6 7 

C
o

n
st

ru
ct

io
n

a
l-

te
c
h

n
ic

a
l 

  

10% 

C17 
Rating 

Min 
2 3 5 

C18 
Rating 

Min 
0 0 0 

C19 
Yes/No 

Max 
No Yes Yes 

C20 
Rating 

Min 
2 4 6 

U
rb

a
n

 p
la

n
n

in
g

 

  

18% 

C21 
Rating 

Min 
2 8 6 

C22 
Rating 

Min 
2 6 4 

C23 
Rating 

Min 
0 0 0 

C24 
Rating 

Min 
2 5 7 

C25 
Rating 

Min 
5 4 4 

C26 
Rating 

Min 
5 7 4 

C27 
Rating 

Min 
5 7 4 

C28 
Rating 

Min 
5 8 5 

E
co

lo
g

ic
a

l-
so

ci
o

lo
g

ic
a

l 

25% 

C29 
m 

min 
17 214 30 467 26 466 

C30 
Rating 

Min 
2 7 5 

C31 
Rating 

Min 
4 5 3 

C32 
Rating 

Min 
6 4 4 

C33 
Rating 

Min 
3 8 2 

C34 
m 

max 
790 33 884 40 658 
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CRITERIA (%) 

SUB-

CRITERIA 
Unit/ 

Object 

function 

Variant 

Mark I II III 

C35 
Rating 

Min 
2 6 4 

C36 
Rating 

Min 
5 4 5 

C37 
m 

max 
13 478 21 558 32 746 

C38 
m 

max 
9 546 42 278 36 705 

C39 
Rating 

Min 
2 7 9 

C40 
Rating 

Min 
2 8 6 

C41 
Rating 

Min 
2 5 8 

Source: Prepared by authors 

 

The economic sub-criteria C1, C2 and C3 are expressed quantitatively in 

accordance with the estimated investment resources by experts according to (IGH, 

2014.). For the sub-criteria C6, C7, C8, C9 and C19 the units of yes/no criteria are 

used, while for the transport sub-criteria the quantitative parameters, i.e. kilometers, 

were used. For ecological-sociological criteria C29, C34, C37 and C38, input 

parameters were obtained from GIS (Geographic Information System). Adequate 

parameters according to a rating scale from 0 to 10 were assigned to other sub-criteria. 

Furthermore, a corresponding object function, i.e. its minimum and maximum was 

assigned to each sub-criteria.  

The evaluation of variants in respect to the projected investment costs was done 

on the data on their length, the number, size and type of facilities, as well as the bottom 

and top layout. Variants 2 and 3 have advantage over Variant 1 for connecting the 

Istrian railway lines in a unitary system of Croatian railroads. The most expensive 

solution for the construction of rail infrastructure is the third variant.  The route of this 

variant, according to the project, includes the construction of a tunnel through Ćićarija 

with a total length of 15.9 kilometers. Moreover, on the section descending from 

Lupoglav to Buzet, it includes the construction of three viaducts with a total length of 

11,1 kilometers. The junction that is particularly complex is the one to the planned 

Divača – Koper railroad line, where a connection with a large viaduct that should then 

connect to the Črni Kal viaduct on the Divača – Koper railroad line is 

planned. Concerning the sub-criteria of reliability and the speed of traffic and traffic 

safety closely related, variants were evaluated in accordance with the existing 

technical elements of the routes, i.e. data on the total length of the areas with the 

longitudinal inclination and their technical characteristics. Regarding the C27 and C28 

sub-criteria, it should be said that the first two variants mostly pass through the 

agricultural and forest areas. Variant 3 is technically highly complex, especially in 
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conducting the route from Lupoglava to the junction on to the planned Divača – Koper 

railroad line that was explained above. In the other hand, the variant three enables the 

possibility of including the route in the city railroad system and the possibility of 

integrating the route in the intermodal traffic system. 

In relation to ecological-sociological criteria, it should be noted that the 

environmental impact, sub-criteria C29, is best ranked by Variant 1, the second is the 

Variant 3 and the third is the Variant 2. Since the density of housing at a distance of 

100 m along the planned route is significantly present over the area of the norther 

route, Variant 3 was graded negatively according to C39. The analyzed routes of 

variants pass several times over a large number of watercourses and their tributaries. 

Moreover, in the passage areas of the variants there are protected areas of water 

sources. The ecological-sociological sub-criteria C37 and C38 (protected parts of 

nature and cultural heritage as well as protected areas and habitat) give advantage to 

the connection to the connection on new Koper – Divača railway line, i.e. Variant 3. 

Experts estimate that the northern solution has less influence on the groundwater 

pollution and soil pollution and degradation compared to Variants 1 and 2. The 

northern variant achieve a better synergy with the natural landscape, while the 

southern variants distort the appearance of the landscape thus degrading the space.  

 

5.2. Discussion and results 

 

For selecting the optimal railway route that will connect the ports of Rijeka, 

Koper and Trieste between the three defined variant solutions, the values of the sub-

criteria determined in the previous chapter have been entered in the computer software 

for multi-criteria optimization “Visual PROMETHEE”. Furthermore, the values of 

the importance criteria groups and the sub-criteria evaluated by researches and experts 

have also been entered in the computer program. 

The multi-criteria optimization method PROMETHEE I gives calculated Phi 

values, i.e. input (-) and output (+) flows or the relations of the dominance of certain 

pairs of actions. The PROMETHEE II optimization method for multi-criteria analysis 

applied for this research gives the final obtained ranking of variant solutions based on 

the calculation of the net value of Phi. All the sub-criteria of evaluation are defined as 

Type 1 criteria for which it is not necessary to define additional parameters that 

specify the exact function of preferences. 

 

Table 5. An overview of the result of the multi-criteria analysis of the selection of 

the Rijeka – Koper – Trieste railway line 

 

 

 

 

 
Source: Prepared by authors 

 

 

 

Rank Railway route Phi Phi+ Phi- 

1. Variant 1 0,4043 0,6140 0,2097 

2. Variant 2 -0,1860 0,3030 0,4890 

3. Variant 3 -0,2290 0,2910 0,5200 
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Figure 5. An overview of the multi-criteria analysis of the selection of the Rijeka – 

Koper – Trieste railway line

 
Source: Prepared by authors 

 

Table 5 presents the obtained values for each individual variant and their positive 

and negative value of Phi thus presenting the results of numerical processing. A 

graphic overview of the numerical values of net flows is shown in Figure 5. The 

analyzed variants are ranked in the following order: Variant 1 with a value of net flow 

of is the optimal solution; Variant 2 is the second ranked selection with the expressed 

negative net flow of; the last place is occupied by Variant 3 with a clear negative net 

flow of. The route of Variant 1 dominates and is adequate for the selection of the 

railway line while Variants 2 and 3 are less suitable for the selection. However, the 

final choice will depend on the decision-maker and the objectives that have been 

defined. 

Best results shown by Variant 1 derive from the better rated values of economic 

criteria in order it requires less investment resources. Moreover, Variant 1 is better 

assessed in terms of constructional-technical and urban-planning criteria deriving 

from the fact that Variants 2 and 3 are technically more complex. These two solutions 

include large tunnel lengths, more availability of space, leading the route at a higher 

altitude, large corrections of the existing railroad lines, arising to less rated values of 

the damage to the relief and possibilities of recovery and the formative influence to 

the new image of the area.  
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Figure 6. An overview of the results of the multi-criteria analysis in the GAIA plane 

 
Source: Prepared by authors 

 

A direct interpretation of the multi-criteria analysis in the GAIA (“Geometrical 

Analysis for Interactive Aid“) “u, v” plane which enables a visualization of the 

characteristics of optimization problem through geometric interpretation is shown in 

Figure 6. The grouping of variants signifies their similarities in terms of numerical 

values, while the dispersion means their diversity. The same applies for the sub-

criteria: sub-criteria that are further away to each other have different numerical 

characteristics.   

 

 

6. CONCLUSION 

 

North-Adriatic transport route is the shortest, natural and the most economical 

way Europe is connected with the Mediterranean and, by sailing through the Suez 

Canal, with most of the countries in Asia, Africa and Australia. Within the narrow 

catchment area the ports of Rijeka, Koper and Trieste act as competitors. All three 

ports have the same natural gravitational fields, but there are certain differences in 

operating on the market. 

In order to achieve complete connection between ports of Rijeka, Koper and 

Trieste the new railway line that will link the North Adriatic ports needs to be 

constructed. Interest in the completion of this railroad corridor, in addition to 
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strengthening the position the entire system of North Adriatic ports, lies in the ability 

of routing freight traffic to Northern Adriatic. 

The defining of groups of the criteria and sub-criteria for the evaluation and 

selection of the railway route and the appropriate weighting coefficients has been done 

on the basis on the information obtained from a large number of experts, scientific 

researches and planners in the field of rail transport planning. A model set in that way 

can be used in the process of rail route evaluation. Via a quantitative and qualitative 

evaluation of the criteria and sub-criteria, the efficiency and effectiveness of the model 

have been tested. By using the method of the multi-criteria analysis, more precisely 

the PROMETHEE II method, the evaluation and selection of the railway route linking 

Rijeka, Koper and Trieste has been conducted. Research results deriving form testing 

of the model prove the importance of applying the multi-criteria analysis in decision-

making for railroad projects. 

According to the conducted analysis the railway route of Variant 1, Jurdani – 

Pivka train station – Divača train station, was chosen as the optimal alternative. Since 

the other two variants have negative net flow results, they are less suitable for the 

selection. However, the final selection of the route of the Rijeka – Koper – Trieste 

railway line will depend on the decision-maker. 

The research limitation of the research is the subjective evaluation of the criteria 

and sub-criteria for selecting the railroad route. As most of criteria are qualitative, the 

assigning of weighting coefficients has been performed according to the information 

obtained from experts and scientific researches in the field of traffic planning. For 

further, more detailed analysis, detailed dataset comprising additional criteria and 

results obtained by a wide questionnaire fulfilled by a larger number of experts, 

planners and designers in the field of transport and urban planning is required. 
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Abstract 

 

In today's global economy, multimodal transport systems have become the pillar 

of international trade. Multimodal transportation is a strategic type of transportation 

that includes companies' costs and many other advantages, as well as the vital 

importance of countries' ecological and port traffic development. Their main objective 

is the reduction of overall transport and handling costs within the supply chain while 

at the same time trying to respond to the demand for just-in-time, door-to-door cargo 

services. 

Multimodal transportation to the EU transport policy wants to establish mobility 

that will be sustainable, environment-friendly, and energy-efficient. These objectives 

can be accomplished by multimodal transport of the people and goods that optimally 

blends the different methods of transport by maximizing each one's strength and 

diminishing the weaknesses. Various national and international bodies try to create 

multimodality policies and regulations for securing better incorporation of the 

different transport modes and creating better interoperability at all transport system 

levels. 

The paper aims to examine legal and economic viewpoints on multimodal 

transportation and to identify their impact and barriers for further development in 

Croatia and Turkey. The first part of the paper gives a literature review about 

multimodal transport from the economic and legal viewpoint. The second part of the 

paper examines the current situation in Croatia and Turkey. Finally, in the last section, 

conclusions and the proposals for further research are given. 

 

Key words: multimodal transportation, economic viewpoint, legal regulation, 

policies, Croatia, Turkey 
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1. INTRODUCTION 

 

Business logistics today is trying to create a solution that will enable them to be 

more competitive in the global market. Transport of the freight is one of the critical 

components of the supply chain needed to guarantee the active movement and 

appropriate disposal of products (Crainic, 2003). Freight transportation demand 

outcomes from producers and consumers who are physically apart from each other. 

Globalization, supply chain management, speed-to-market deliveries, and agile 

manufacturing are generating higher demand for intermodal and multimodal 

transportation services and infrastructure. Due to the increased fuel prices, congestion 

on roads, and growing environmental problems, there is a need for a new solution for 

freight transportation.  

One of the solutions for this is an integrated multimodal transport network (Haris 

et al., 2015). The multimodal transportation network is a critical element for 

organizations to effectively implement their supply chain practices in the domestic 

and international markets. But due to the very complicated type of multimodal 

integration, the growth of multimodality can be limited. To eliminate these obstacles, 

different transport policies are intended to create mobility and multimodality, which 

will be sustainable, environment-friendly, and energy-efficient. Making transport 

sustainable and environmentally friendly can be made by different methods of 

transport which will maximize strengths and reduce the weaknesses of different 

transport modes. 

The main aim of the paper is to examine the economic and legal viewpoints of 

multimodal transportation and to identify their impact and barriers for its further 

development. The first part of the paper presents a literature review on multimodal 

transportation. The second part of the paper will provide insight into the economic 

and legal viewpoints of multimodal transport. In the third part, the current situation in 

Croatia and Turkey is reviewed together with the potential impact and barriers for 

further development. In the last part of the paper, the conclusion will be presented, 

and additional research proposals will be given. 

 

 

2. MUTIMODAL TRANSPORTATION 
 

In recent years, there have been many papers and research done to establish a 

better understanding of multimodal transportation both from an academic and practice 

standpoint. Bektas and Crainic (2007) state that multimodal transportation tends to 

integrate different transportation services and modes to improve efficiency, which is 

contrary to conventional transport in which various transportation systems function 

independently. During years different terms circulated in the literature and the 

industry: multimodal, intermodal, co-modal, and synchro-modal transportation 

(SteadieSeifi et al., 2014). (Table 1) 
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Table 1. Definitions of different terms 

Term Definition Source 

Multimodal 

transportation 

transportation of goods by a sequence of 

at least two different modes of 

transportation 

Zelenika, 2006; 

Beresford et al., 2006; 

UNECE, 2019 

Intermodal 

transportation 

type of multimodal transportation where 

the load is transported from an origin to 

a destination in the same intermodal 

transportation unit without handling of 

the goods themselves when changing 

modes 

Crainic & Kim, 2007; 

Žgaljić et al., 2015; 

Wang & Yeo, 2016 

Synchro modal 

transportation 

the carriers or customers select 

independently at any time the best mode 

based on the operational circumstances 

and/or customer requirements 

Verveij, 2011; Behdani 

et al., 2014 

Term Definition Source 

Co-modal 

transportation 

focuses on the efficient use of different 

modes on their own and in combination. 

The use of two or more modes of 

transportation, but with two differences 

from multimodality: i) it is used by a 

group or consortium of shippers in the 

chain, and ii) transportation modes are 

used in a smarter way to maximize the 

benefits of all modes, in terms of overall 

sustainability 

 

European Commission, 

2006 

Verweij, 2011 

 

Source: authors 

 

All previous definitions of different terms have one common characteristic – 

more than one mode of transportation. The differences are an emphasis on various 

transportation process features. SteadieSeifi et al. (2014) state that synchro-modal 

transport focuses on flexibility, intermodal on the same loading unit while co-modal 

improves utilization of resources. But it is essential to state that the basic multimodal 

transport definition does not eliminate other definitions. However, it should be noted 

that some authors consider the terms 'combined', 'multimodal', and 'intermodal' 

transport to be synonymous (Bolanča, 1992; Clarke, 2002). SteadieSeifi et al. (2014) 

conclude that it aims to make transportation more efficient from several perspectives 

(time, financial, and environmental) by transferring materials in a constant flow via 

the whole transport chain. (Figure 1) 
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Figure 1. Multimodal transportation system 

 
Source: adapted from Bektas and Crainic, 2007 

 

Term multimodal transportation as a concept is the result of the emergence of 

different driving forces such as economy, transport operation complexity, technology, 

business competitiveness, and regulation. Multimodal transport creates substantial 

commercial values for transporters concerning other alternative transport systems as 

part of international trade. Thus, White paper European Transport Policy for 2010 

(European Commission, 2001) proposed promoting multimodal transport because it 

can lower the road congestion (Macharis et al., 2007). Authors (Zelenika, 2006; 

Bendeković & Aržek, 2008; Vasilj & Činčurak Erceg, 2016) state several 

characteristics of multimodal transport: (i) transport of goods is performed with at 

least two means of transportation from different modes of transport; (ii) the entire 

entrepreneurial venture is based on only one transport contract which the transport 

operator has concluded with the consignor; (iii) the cargo is accompanied by only one 

document on the transport of goods, (iv) the entire transport process is organized by 

only one multimodal transport operator (usually international freight forwarder) and 

(v) the multimodal transport operator is responsible for the actions and omissions of 

the persons he has engaged in the venture since the time of taking over the goods until 

their delivery to the recipient. Figure 2 is showing some of the many multimodal 

transport advantages. 

 

Figure 2. Multimodal transport advantages 

 
Source: adapted from Islam et al., 2005 

The establishment of a seamless communication link 
maintained by single multimodal transport operator

Reduction of time, risk of lost or damaged goods through a 
planned and coordinated single transport operation

Reduction of multiple documentation

Increase market access opportunity through speedy 
transfer and transit time 

Cost saving through possible reduction of freight rate
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Multimodal transport is an incorporating tool in providing shippers a great 

choice of flexibility, reliability, cost control, competition, and a one-stop service 

(Islam et al. 2005). Taylor (1993) concludes that the multimodal transport is vital to 

increasing the productivity and competitiveness of the cargo transport industry while 

preserving the ecological balance. Hoeks (2009) states that this is due to the adequate 

multimodal transportation guarantees the usage of the most efficient method of 

transport during each phase while at the same time lowers congestion, energy 

expenditure, and pollution. Figure 3 shows activities included in multimodal transport 

process. 

 

Figure 3. Multimodal transport process activities 

 
Source: adapted from Nguyen et al., 2008 

 

UNCTAD Secretariat (1995) states that the structure of multimodal transport 

benefits transport providers and transport users with one contract, one document, and 

one party that is responsible for the entire transport process, which is using more than 

one transport mode. This is confirmed in research by Nguyen et al. (2008). 

 

 

3. ECONOMIC VIEWPOINT 
 

Transport services are growing significantly in Europe because of the growing 

demand by multinational corporations, their supplies, and distributors for different 

logistic services. Thus, multimodal transportation infrastructure and multimodal 

transportation services will have an essential role in the companies' logistic operations 

in the 21st century. One of the reasons why transportation systems are used together 

as chains in multimodal transportation is due to economic reasons. The decreasing 

costs due to the increase in efficiency causes the price competition, which leads to the 

thought of the exporter's price advantage (Turkey Ministry of Transport, Maritime 

Affairs and Communication, 2014: 30). Rondinelli and Berry (2000: 397) presented 
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four trends that will be changing multinational corporations' strategies: continued 

economic globalization as the driving force in trade and investment, the growing 

demand for speed-to-market product delivery, the adoption of agile manufacturing 

and business practices, and the need to manage supply chains more efficiently. As an 

essential economic viewpoint, multimodal transport is part of the national 

government's policies as it is a case in the USA where the government promotes the 

development of multimodal transportation to increase the nation's ability to compete 

in the world economy (Krebs, 1994). Multimodal transport is having a significant 

impact on the country's economic development, so the government should give 

importance to the country's economic progress using multimodal transportation 

(Mwaijande, 2000). 

Multimodal transport plays a significant role in EU policy on the future transport 

network in Europe. During the last 30 years, road transport had the primary position 

in cargo transport in Europe. The current split in EU (Eurostat, 2020) for road/inland 

waterways/railroad is 76,5/5,5/18, and this has not significantly changed in the last 

ten years. (Eurostat, 2020). (Figure 4) 

 

Figure 4. Modal split of EU28 per country in 2018 

 
Source: Eurostat, 2020 

 

In most countries, road cargo transport has a significant share. Railway has a 

considerable percentage in some countries (Latvia, Estonia, Lithuania), and in some 

countries inland waterways have a more substantial share (Netherlands, Romania, 

Bulgaria). Although road transport is flexible and fast, the EU cannot depend only on 

road transport in the future due to capacity problems. Recently, road transport 

performance is declining due to traffic jams, road taxes, increased prices of fuel, and 

environmental issues (Ghareghozli & de Vries, 2019). Multimodal transport is 

cheaper than road transport if the savings on transportation are higher than the extra 

handling costs (Beghdani et al., 2014). 
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On the other side, multimodal transport faces barriers like long waiting times, 

capacity problems, limited track-and-trace options, and problems with bookings 

(Bhat, 2011). Multimodal transportation is very complicated since there are a lot of 

service providers involved. To provide the best possible service to customers, it is 

significant that companies involved cooperate (Partanen & Moller, 2012). Alignment 

and standardization of the business process in multimodal transport might reduce 

problems (Ghareghozli & de Vries, 2019). Standardization can accelerate the 

compatibility and interoperability of subsystems to enhance the accomplishment of 

the entire system.  

 

 

4. LEGAL VIEWPOINT 
 

The law of multimodal transport, according to Zelenika (2006: 53), is a system 

of legal rules and legal institutes which regulate legal relations (obligations and rights 

and responsibilities arising from there) between active legal entities in multimodal 

transport in national and international frameworks. Since multimodal transport is a 

complex system composed of relatively autonomous subsystems (road, rail, air, 

maritime, inland waterway transport, freight forwarder's law, etc.) that have specific 

rules, the complexity of this type of transportation can be seen. Nevertheless, although 

these subsystems are autonomous, in multimodal transport, they are relatively 

compatible and complementary. 

In a broader sense, the multimodal transport law is a system of administrative 

and property-rights rules and institutes that regulate the social relations of legal 

entities of a specific multimodal legal system (Vasilj & Činčurak Erceg, 2016: 29). 

The system of multimodal transport law, in addition to the rules and institutes 

governing the relations of active participants in the multimodal transport system and 

subsystem, includes legal rules governing traffic safety, environmental protection, 

maintenance of transport infrastructure, founding and operation of national and 

international organizations (Vasilj & Činčurak Erceg, 2016: 30). 

However, for multimodal transport to function, it is necessary to know, monitor, 

and apply the rules of individual transport modes. These rules show the complexity of 

multimodal transport, the need for regulation, proper education of all stakeholders 

involved in multimodal transport as well as their knowledge of the rights in all modes 

of transportation. Namely, many subjects necessarily appear here, with different 

interests, which is a complex process, and arranging their mutual relations is a 

demanding job. It should be borne in mind that the relationships between many legal 

entities in multimodal transport systems are subject to numerous and different national 

and international rules as well as autonomous rules that are often in conflict. 

Hoeks (2009) mentions reasons why a shipper or a freight forwarder would 

choose to conclude a multimodal carriage contract instead of contracting with separate 

carriers for each transport stage. (Figure 5) 
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Figure 5. Legal benefits of multimodal transportation 

 
Source: adapted from Hoeks, 2009 

 

In such a case, each carrier will be tempted to decline liability if he can, and the 

claimant or his insurer could well be left to bear the loss. It is, therefore, useful to 

contract with a single multimodal carrier, since even if the exact stage where the loss 

occurred cannot be identified, at least it is clear which party can be held responsible 

under the contract of carriage (Hoeks, 2009: 3-4). So, it is more reasonable to leave 

the responsibility for the transport of goods to one qualified operator. (Hoeks, 2009; 

Nikolić, 2003) 

Since the law of multimodal transport still does not exist and does not function 

effectively as a legal system, except for the primary rules and institutes of such 

legislation, the rights of individual transport modes should be monitored, known, and 

properly applied. 

The multimodal transport definitions in the legal sense are most often related to 

the characteristics of multimodal transport, as stated in the United Nations Convention 

on the Multimodal Transportation of Goods of 1980. According to Article 1(1) of this 

Convention international multimodal transport means the carriage of goods by at 

least two different modes of transport based on a multimodal transport contract from 

a place in one country at which the goods are taken in charge by the multimodal 

transport operator to a place designated for delivery situated in a different country. 

The operations of pick-up and delivery of goods carried out in the performance of a 

unimodal transport contract, as defined in such agreement, shall not be considered as 

international multimodal transport. Here, therefore, all responsibility for 'door-to-

door' transport goes to the multimodal transport operator, which should make it easier 

to do the business in a system with many persons. In this regard, in international 

multimodal transport, the choice of the operator should be the most important. 

International freight forwarders, as an operator, can practically come here and still 

gives importance to freight forwarders regardless of the (non)existence of the 

convention for multimodal transport. 
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The question of liability for damage (loss, damage, delay) is fundamental in all 

modes of transport. In relation to multimodal transportation, no uniform international 

liability regime is in force, and the international legal framework is particularly 

complex, as liability continues to be governed by existing unimodal conventions, and 

by increasingly diverse national, regional and sub-regional laws and contractual 

agreements (United Nations Conference on Trade and Development, 2009: 124). 

The international conventions governing the contract of carriage of goods 

conventions, currently in force, are more specific. The most important are: 

Convention on the Contract for the International carriage of Goods by Road (CMR) 

of 1965, Appendix B (CIM) to the Convention concerning International Carriage by 

Rail (COTIF) of 1999, the Convention for the Unification of Certain Rules Relating 

to International Carriage by Air (Warsaw Convention) of 1929, the Convention for 

the Unification of Certain Rules for International Carriage by Air (Montreal 

Convention) of 1999, International Convention for the Unification of Certain Rules 

of Law relating to Bills of Lading (Hague Rules) of 1924, as amended by the two 

protocols from 1968 (Visby Rules) and 1979 (SDR Protocol), United Nations 

Convention on the Carriage of Goods by Sea (Hamburg Rules) of 1978, Budapest 

Convention on the Contract for the Carriage of Goods by Inland Waterway (CMNI) 

of 2000. Bolanča (1992) states that current unimodal convections provide for the 

possibility of combined transport, but their norms in this regard are characterized by 

incompleteness and inadequacy to modern needs. This is because they do not define 

combined transport in terms of a particular transport business. 

There have been attempts to adopt conventions for multimodal transport, but they 

are currently not in force. In the year 1980, the United Nations Convention on the 

Multimodal Transportation of Goods in 1980 was adopted but never entered the force 

since it has only 11 parties (United Nations Treaty Collection, 2020). It sets out a 

uniform regime for multimodal transport contracts based on the Hamburg Rules of 

1978, which is not widely accepted (today it has 34 parties, (United Nations Treaty 

Collection, 2020)). This is considered a reason for the insufficient number of 

ratifications of the United Nations Convention on the Multimodal Transportation of 

Goods (Nikolić, 2003; Clarke, 2002). The same is with the United Nations Convention 

on Contracts for the International Carriage of Goods Wholly or Partly by Sea (the 

Rotterdam Rules) of 2008, which has five parties and is not in force as well (United 

Nations Commission on International Trade Law, 2020). The Rotterdam Rules 

establishes a uniform legal regime governing the rights and obligations of shippers, 

carriers, and consignees under a contract for door-to-door carriage that includes an 

international carriage of goods by sea but also applies to multimodal transport 

involving an international sea-leg. 

Following international organizations developed some standard rules and 

documents for forwarders regarding multimodal transport: International Federation of 

Freight Forwarders Associations (FIATA), the Baltic and International Maritime 

Council (BIMCO), United Nations Conference on Trade and Development 

(UNCTAD), International Chamber of Commerce (ICC).  

Of particular importance in regulating the relationship of multimodal transport 

are the sources of autonomous transport law, such as the Uniform Rules for a 

Combined Transport Document of the International Chamber of Commerce (ICC), 
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first made in 1973. The new rules' the UNCTAD/ICC Rules for Multimodal Transport 

Documents' were adopted in 1991. The UNCTAD/ICC Rules attempts to fill the gap 

in the international multimodal transport liability, but do not have the status of 

mandatory law. The Rules apply when they are incorporated into a contract of 

carriage. (United Nations Conference on Trade and Development, 1992) 

FIATA created standard documents for combined transport: FIATA Negotiable 

Combined Transport Bill of Lading (FBL) in 1970, which was replaced by Negotiable 

FIATA Multimodal Transport Bill of Lading (FBL) in 1992., and Non-negotiable 

FIATA Multimodal Transport Waybill (FWB) in 1996. (International Federation of 

Freight Forwarders Associations, n/a) 

BIMCO (n/a) also issued some standard documents: MULTIDOC (negotiable 

bill of lading for shipments involving several modes of transport), MULTIWAYBILL 

(non-negotiable waybill to be used for multimodal transports), COMBICONBILL 

(negotiable bill of lading for combined transport), COMBICONWAYBILL (non-

negotiable waybill for combined transport), the latest edition of mentioned documents 

is from 2016. 

The fundamental problem with multimodal transport is the liability of the carrier 

for damage. The question that occurs in international transport is certainly to 

determine the point at which the loss or damage occurred. There is also the problem 

of determining the responsible carrier as well as the liability regime, which applies. 

Clarke (2002: 74) correctly states the problem of deciding law if loss or damage can 

be localized, and here, "it may be unclear whether the case is governed by one 

unimodal regime or another. For example, if goods are stored before, during, or after 

the carriage, is that period of storage governed by the regime, or is it outside its scope 

and governed by some other (e.g., warehousing) regime? Since there is no uniform 

regime for multimodal transport, the applicable liability rules differ significantly from 

case to case. Hoeks (2009: 11) rightly concludes that the main problem concerning 

the unpredictability of the applicable legal regime when it comes to the multimodal 

carriage is financial. Due to the uncertainty as to the applicable law, the cargo 

claimant and the carrier are unable to anticipate the amount of compensation, if any, 

to be paid in a given situation. Namely, carrier liability limits differ between transport 

modes. However, there are also other differences between modes of transport.  

From all the above, it might be concluded that a convention on multimodal 

transport in force is needed. Or not? Hoeks (2009) justifiably asks the question, do we 

need uniform law for multimodal transport? She cites a comment of Van der Ziel 

about a Study on intermodal liability 'Integrated Services in the Intermodal Chain', 

who implies that the transport industry does not felt the necessity of such uniform law. 

Hoeks (2009: 338) also points out that FIATA and European Association for 

forwarding, transport, logistic and customs services (CLECAT) are convinced that 

such uniform law in the form of an instrument of European law may even have a 

detrimental effect on the popularity of multimodal transport. She concludes that there 

are sometimes reasons to prefer national, regional legislation, or even contractual rules 

over truly uniform law. Considering Hoeks' opinion, together with historical 

developments and attempts for adopting uniform regime and practice copes with de 

lege lata rules, it may not be necessary to advocate the adoption of an international 

convention regulating multimodal transport. Hoeks (2009: 390) suggests that a 
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European Regulation seems to be the most appropriate form for a supplementary 

regime since the decision-making process of European law seems rather more 

efficient than that of treaty law in this area. Still, we cannot share her optimism. 

The European Union has recognized the importance of multimodal transport in 

the White Paper of 2011, and at the level of the entire Union is striving to promote 

integrated multimodal transport operations, especially throughout the EU. The 

following goals that they want to achieve for transport are especially emphasized, such 

as sustainable mobility, energy-efficient mobility, and mobility respectful of the 

environment (European Commission, 2020). These goals can be achieved by using 

multimodal transport because multimodal transport "combines the various modes of 

transport optimally, exploiting each one's strength and minimizing the weaknesses" 

(European Commission, 2020). At the European Union level, there is the Combined 

Transport Directive (European Council, 1992) for which the Commission stated that 

it needs revision and that the member states should work towards a legislative 

framework to protect passenger rights in multimodal journeys (European 

Commission, 2020). During the 2018 'Year of Multimodality', the European 

Commission tried to raise the importance of multimodality for EU transport. 

However, it appears that these actions are more focused on promoting multimodal 

transport and highlighting its advantages, which will ultimately lead primarily to a 

reduction of pollution, congestion, and costs rather than they aimed at passing 

legislation. 

 

 

5. SITUATION IN TURKEY AND CROATIA 

 

Next part of the paper will present multimodal transport in Croatia and Turkey. 

Both countries are presented using case study methodology and are prepared as small 

case studies in which current situation, barriers, and impact of development of 

multimodal transportation is presented. 

 

5.1. Situation in Turkey 

 

Turkey has an outstanding location in terms of geography. It has seas on three 

sides. Transportation services have gained importance in terms of both land and sea 

routes, as Turkey connects the Asian and European continents, as it has a coast with 

the Black Sea, the Aegean, and the Mediterranean, and owns an inland sea such as the 

Marmara Sea.  It is a country where multimodal transportation is essential due to its 

volume and strategic goals. Third-party suppliers have come to an exceptional level 

in the country, as buyers and sellers are now publishing their financial tables. At this 

point, transportation-costs become essential for all companies. Muneer et al. (2011) 

state that the number of companies offering multimodal transportation services is 

increasing and their share on the market is growing following the Turkish industrial 

growth. The Turkish government is supporting multimodal transport since it considers 

it as an essential tool for Turkey to become a logistical base (Karagulle, 2011). 

Between 2014-2018, Turkey has created a strategic plan for Multimodal 

transportation and highlighted the improvement by developing a multimodal transport 
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share (Turkey Ministry of transportation, maritime affairs and communications, 2014: 

64). When the multimodal transportation requirements in terms of physical conditions 

examined, there are five different ways in Turkey (Ateş, 2009: 18-19): (i) Container 

transportation by rail, pedestal container transportation, (ii) Seaway-related container 

transportation, (iii) Ro-Ro transportation, (iv) Ferry transportation, and (v) Ro-La 

Transport. 
Since these transportation types are also the sea transportation export forms, they 

are included in the export records by Turkstat (2020) under sea transportation. 

Multimodal transportation, which gains importance, especially in intercontinental or 

long-distance container exports, has brought its advantages as an alternative to road 

transport. Especially when comparing in European exports, it comes to the forefront 

due to reasons such as reduction of inefficiencies caused by drivers, fuel savings, and 

environmental policies of the European Union.  

Turkey's most used transport mode in foreign trade is seaway transportation. 

Based on previous data, the Ministry of transportation, maritime affairs and 

communications (2010) emphasized the importance of multimodal transport in 

Turkey due to the trade routes going through Turkey and since the EU is one of the 

Turkish main trade partners. With increasing multimodal transportation services 

Turkey can reach its aim of becoming a logistical base in the region (Karagulle, 2011). 

To become a logistical base priority is given to the following objectives (COMCEC, 

2011): (i) Improving transport in the North-South and East-West axes to integrate 

Turkish transport with international transport networks better; (ii) Improving 

intermodal transport facilities and services, to take advantage of the strong growth in 

container transport; and, (iii) Improving maritime connections and nodal points 

(seaports), to take advantage of their potential strategic role as industrial and logistic 

platforms. 

Within the framework of the EU accession process of Turkey's Trans-European 

Transport Network (TEN-T), Transport Infrastructure Needs the order to articulate 

Assessment (TINA) Study, completed in May 2007 and July 10 the High Planning 

Council approves 2008. TINA-Turkey Study in Turkey's borders with the EU's TEN-

T system in Turkey is aimed at developing qualifications extension of a multimodal 

transport network. In this context, the highways for Turkey as a whole, railways, ports, 

and airports consisting of a core network (core network) defined and evaluation is 

made. With the traffic forecasting model created within the scope of the project, 

forecasts of 2020 traffic flows were also considered, as well as forecasts for trade 

growth. Following this, plans that will improve the network were prioritized by 

applying the multi-criteria analysis method on the multi-mode core network created 

according to these estimates (TUSIAD, 2014:39). 

In 2023, 20 logistics centers (10 are in use and 10 will be operational soon) will 

serve all sectors with a total load capacity of 34.2 million tons in Turkey as part of the 

multimodal transportation network (Turkish State Railways, 2020). Technical and 

administrative bilateral operability regulations will be created to ensure uninterrupted 

and harmonious rail transport with Europe. (Figure 6) 
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Figure 6. Transshipment centers in Turkey 

 
Source: Turkish State Railways, 2020 

 

Improved use and a better combination of different modes of transportation will 

allow Turkish companies to increase their competitiveness in the logistics market. 

Turkish companies, by becoming multimodal transporters, can compete with 

European competitors and provide better service from one side and improve the use 

of multimodal transportation on the other side. Reorganizing the company structures, 

redesigning the transportation processes, and employing more professionals with 

vocational training will result in a competitive industry and a more significant share 

of multimodal transportation in Turkey. 

 

5.2. Situation in Croatia 

  

Its favorable traffic and geographical position determine multimodal transport in 

the Republic of Croatia. As a member of the European Union, the Republic of Croatia 

should develop a transport network following the EU transport policy, which means 

that it must encourage the development of intermodal transport. 

To further develop multimodal transport in Croatia, it is necessary to promote 

changes in transport technologies, means of transport, and it is required to build 

networks of terminals, river, and seaports as well as navigable canals. Brnjac (2012) 

states that multimodal transportation can be seen in two forms: 

1. as maritime transport through the ports of Ploče and Rijeka, where it is mainly 

container traffic 

2. as land transport of intermodal transport units (containers, swap bodies, and 

complete road vehicles) in import, export, and transit through the territory of the 

Republic of Croatia and internal traffic. 

 

The current split for road/inland waterways/railway is almost the same as the 

data for EU 28. The most significant share has road transport (73,6%), followed by 



Multimodal transportation – economic and legal viewpoint from Croatia and Turkey 
Aleksandar Erceg, Biljana Činčurak Erceg and Zafer Kilic 

  

 

54 

 

railway (21,2%) and inland waterways (5,2%). Multimodal transport is an extremely 

efficient and economical mode of transport, but in the Republic of Croatia, it is very 

poorly developed. The biggest problem is in the transport policy and in the fact that 

the current transport system is not adapted at all for the application of multimodal 

transport, and this can be seen from the level of infrastructure development and 

superstructure of individual transport modes. That is mostly seen from the relationship 

between road and rail where road transport is most developed while rail transport is 

wholly neglected and visibly declining from year to year. However, it is of great 

importance for the application of multimodal transport (Figure 7).  

 

Figure 7. The modal split in Croatia – change from 2010 to 2018 

 
Source: Eurostat, 2020 

 

Nikolić (2003) stated that out of four essential technologies of combined 

transport, the only one worth mentioning in Croatia is the transport of containers. 

Author further states that technical - technological problems are that there is no built 

and adapted system of transportation, transshipment, acceptance, and dispatch of 

goods in multimodal transport. IT systems are not established or interconnected or 

even not constructed, and this is making it harder for service providers and other 

stakeholders to access data and any additional desired information at a given time. 

Marjanović (2016) states that the difficulties are ambiguous, namely administrative, 

organizational, and technical-technological, as well as the inadequacy of 

infrastructure and personnel. The consequences manifest through expensive and 

inefficient transport, high external costs, and considerable damage to the environment. 

All this burdens the economy, making the Republic of Croatia unattractive for more 

substantial investments. 

Thus, Croatia should plan the development of multimodal transportation on the 

existing traffic-geographical advantages of its position. Traffic can no longer be dealt 

with separately by individual transport branches, each transport branch is, in fact, a 
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subsystem of a single transport system. For the Republic of Croatia to be compatible 

and complementary with European and world traffic flows, a program of the 

development strategy for all transport branches (including the development of 

multimodal transport) should be developed, to appear as a severe and equal partner in 

the European Union (Nikolić, 2003). Zelenika and Nikolić (2003) conclude that 

Croatia needs to develop a quite complicated and coordinated system between single 

or individual traffic sectors. At the same time, this strategy should be in line with 

environment protection policy and environment quality improvement. In 2014 

Croatian government presented “Transport development strategy of the Republic of 

Croatia 2014 – 2030” (MMPI, 2014) which emphasizes the necessity of the 

development of multimodal transport. This development strategy sets a set of 

multimodal goals considering the results of analyzes of the current situation in all 

modes of transport. The Strategy also sets out measures for each mode of transport 

for reaching the strategy goals. Some of these goals are set with a unique and specific 

purpose in relation to the sector, while others are set with a general or transversal 

component. 

 

 

6. CONCLUSION 

 

Multimodal transportation brings savings to all included stakeholders (providers, 

transporter, buyers, etc.). At the same time, it lowers the environmental threat from 

road transportation, which has the most significant share in EU28 and as well in 

Croatia and Turkey. Multimodal transport can have a considerable influence on the 

country's economic development, and at the same time, it lowers the pressure on the 

environment. Multimodal transportation infrastructure and multimodal transportation 

services will have an essential role in the companies' logistic operations in the 21st 

century. 

Internationalization and multimodality call for more coordination and co-

operation along the transport chain. Thus, in current conditions, a key is a qualified 

person who will successfully perform door-to-door transportation. Besides, 

appropriate legal regulation is undoubtedly needed. There is no single legal regime 

for multimodal transport in force. Attempts to make uniform laws for multimodal 

transport have been made (United Nations Convention on the Multimodal 

Transportation of Goods and Rotterdam Rules). Still, they failed to enter into force 

due to an insufficient number of ratifications. The issue of liability for damage is 

undoubtedly one of the most important, especially when we talk about the transport 

of goods. Without a uniform international liability regime for multimodal transport in 

force, it is difficult to predict which law will apply in case of damage, which causes 

uncertainty. However, looking back 40 years from the UN Convention on the 

Multimodal Transportation of Goods until today and considering all the advantages 

of multimodal transport of goods as well as the importance of appropriate regulation, 

it seems that there is neither a practical nor an obvious political need for such an 

international convention. 

Based on analyzed case studies, both countries are facing barriers in developing 

multimodal transportation. On the other hand, further development of the multimodal 
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transportation would have a significant impact on both countries. They have different 

strategies and plans on how to do it in the next five to ten years. Turkey has set a 

procedure for creating a multimodal transport network that has the goal of having 20 

logistics centers, improves the transport infrastructure, and increasing the 

competitiveness of its multimodal transport operators. On the other side, in Croatia, 

there are two forms of multimodal transportation (maritime and land transport). 

However, multimodal transport is still poorly developed. It needs to develop a quite 

complicated and coordinated system between single or individual traffic sectors. To 

develop multimodal transport, Croatian government presented a strategy and goals for 

transportation development in which the multimodal transport has significant role.  

For both countries, there is a lack of data on multimodal transport, which 

represents the limitation of this paper and an opportunity for further research. Thus, 

we propose additional research, a quantitative study, to find out how much goods is 

transported in multimodal networks in countries and a survey about how to implement 

multimodal transportation network which will be sustainable and less dangerous for 

the environment. 
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Abstract 
 

The article covers the aspects of transport networks from the point of view of the 

spatial paradigm and defines the main priority directions of their development, taking 

into account the modern requirements of society. The article is devoted to the main 

aspects and the role of forming a system of indicators of transport space in the context 

of society's transition to the sustainable development principles. The article analyzes 

foreign methods for assessing the effectiveness of territories development.  

Conceptual model of the system of indicators of transport development of territories 

is proposed. Ontologies are used as the basis for an explanation of key concepts to 

obtain the objective assessments of the current state of the transport space, the 

prospects for its development and the impact on the competitiveness of the entire 

territory. The article offers a comprehensive approach to the description of transport 

in large territories based on the systematization of transport indicators assessment. 

 

Key words: transport accessibility, transport availability, sustainable development, 

macro-territory, indicators of transport space 

 

 

1. INTRODUCTION 

 

Russia is a country with a huge territory. On the one hand, this is a strong fact 

that indicates its possible power, but on the other hand, it is the cause of its problems 

and limitations in development. It is obvious that there were and will always be 

imbalances in the economic development of territories. And the question of the best 

possible development of a territory remains relevant. This requires an adequate tool 

for assessing the role and development of a territory on a national scale.  The purpose 

of this article is to form a system of transport space indicators, their integral content 

(scope) in the context of sustainable development of territories. As the subject of the 
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study, the authors selected characteristics that reflect the main content of the transport 

space - “Transport accessibility” and “Transport availability” of territories.  

Spatial development of the territory of a macroregion includes at least the 

development of three infrastructures: energy, information and transport 

(Vokhmyanina et al., 2018). But it is the development of transport infrastructure that 

determines the progress of the territory. And one of the primary roles is assigned to 

the formation of the transport framework, as a powerful basic potential for the 

prosperity of both an individual region and the country as a whole.  

For the purpose of sustainable development of territories where various 

administrative and territorial entities are located, the transport space related to them 

should be integrated, unified and able to "link" territories, and this means the need to 

manage the development and functioning of transport infrastructure as a macro-

regional transport system covering adjacent regions of the country. However, today 

we see different modes of servicing territories even in neighboring regions: there is 

no pairing of regional documents for managing the development of systems 

(Zhuravskaya et al., 2014).  

The world has accumulated a wealth of experience in developing territories due 

to the priority organization of the transport network, where its advanced development 

is dominant, and the network configuration of the network contributes to a high level 

of development of the territory and more favorable conditions for placing production 

on the periphery (Petrov et al., 2013). 

However, the question remains whether the development of territories is 

polarized or uniform. The article is devoted to systematization of indicators of 

transport accessibility and availability of territories on the basis of ontologies. 

 

 

2. LITERATURE REVIEW OF THE CURRENT STATE OF RESEARCH 

 

Recently, both in the West and in Russia, the idea of equitable access and use of 

transport infrastructure has become more active (Kuratova, 2014). Issues of spatial 

development of territories are receiving increasing attention, both in the scientific 

environment and at the level of administrative and political planning and regulation, 

and strategies for spatial development of countries and regions are emerging. First of 

all, this concerns European spatial planning, in particular, the study of the original 

interpretive model of European space, called Territorial Frames – TFs (Environmental 

and territorial modelling for planning and design, 2018), a special multi-scale 

infrastructure grid that connects "local" territories with "global" ones and which can 

represent an activating element of processes and policies for the spatial development 

of human settlements, the processes of valorization of the productive, naturalistic and 

landscape sectors. At the beginning of 2019, Russia also adopted the spatial 

development Strategy of the Russian Federation for the period up to 2025, the 

approval of which was preceded by a long public discussion of its concept. Spaces of 

those scales that allow us to build the most appropriate mechanisms for managing the 

development of productive forces in modern Russia are of particular interest in the 

strategy.  
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In the scientific sphere, a huge number of works are also focused on the issues 

of spatial development of territories - 0.5 % of articles from all scientific publications 

published on the E-library platform (data are as of July 25, 2019). However, it is 

noteworthy that the research is very narrow in scope. These are works dedicated either 

to the organization of road traffic (Dragileva, 2017), or studies related to certain 

sectors of the national economy (for example, agriculture (Kuratova, 2007), forestry 

(Efremov, 2009), etc.), or works dedicated to specific geographical regions (Melnik 

et al., 2017; Kiselenko, 2018; Bykov, 2017) or the urban environment (Sidorov, 2017; 

Mazur, 2017) Thus, most studies in this area are dealing with industries, regions, or 

individual phenomena of interaction between transport and the environment. There is 

almost no research on the broad fundamental issues of sustainable spatial 

development of macro-territories. 

The expansion of national transport policy, including aspects of strategic 

infrastructure development, management of its functioning, as well as the full range 

of consequences, increases the need for systematic research using various methods 

and tools for analysis, assessment, forecasting and decision-making on the 

interconnected development of transport systems and socio-economic systems. 

Adequate decision support systems at the appropriate spatial level are required. 

Therefore, national and transnational transport models take on major importance. 

Work (Ivanov, 2019) focuses on the main strategies for configuring transport 

networks. General types of transport network settings are proposed as a starting point 

for setting up more complex network layouts, and the concept of shipment 

consolidation as a key approach to implementing economies of scale in transport is 

considered. In addition, various transport network configuration parameters and their 

balancing are analyzed in order to configure effective network layouts. 

Research (Di et al., 2018) is focused on the problem of network design. Taking 

a well-defined measure of accessibility, this document addresses a new problem of 

discrete network design for urban areas, in which some concepts, including the 

available flow, the trip time budget function, and the principles of user balance and 

optimizing the system with a trip time budget. Deterministic models of two-level 

programming are defined to maximize the flow available to the network. The upper 

level focuses on selecting potential links in a pre-defined set of candidates, while the 

lower level assigns all threads in a super network with the principles of user balance 

or system optimization with a limited travel time. Moreover, to cope with the 

uncertain potential requirements in reality, the problem of interest is further 

formulated as two-stage stochastic programming models. Effective heuristic 

algorithms based on the probabilistic search algorithm have been developed to solve 

the proposed models. 

Environmental impacts also extend beyond regional and national borders, and 

transport policies that affect these environmental impacts cover all spatial levels. 

Study (Integrated Spatial and Transport Infrastructure Development, 2016) illustrates 

new approaches to solving the conflict impacts of transport infrastructure, such as 

economic growth and environmental damage. The main goal is to jointly develop the 

transport potential of the transport corridor by ensuring optimal economic benefits 

and spatial integration while reducing the negative impact on the environment at the 
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local and regional levels. These issues are highlighted from an interdisciplinary point 

of view. 

The study (Wang Yu et al., 2018) is devoted to a multi-level approach to the 

design of a virtual transport network (VTN). This design is a key part of VTN-based 

network management, where network management is performed by managing 

different VTNs across different areas. The multi-layer approach to virtual transport 

network design provides better performance compared to traditional single-layer 

design. 

The analysis shows that the main flow of foreign publications on transport 

development concerns transport networks. The essential features of transport 

development in Russia require reflection of these issues in the proposed study. At the 

same time, when developing transport models, it is not necessary to strive for a 

complete analogy of other countries, since, on the one hand, there is no possibility, 

and on the other hand, there is no need to equalize the transport accessibility of 

Russian territories to the same extent as abroad. Our objective is to increase transport 

availability and accessibility within the territories of various types and levels.  This 

involves searching for effective ways to influence transport on the final economic 

results, taking into account environmental factors. 

When analyzing the effectiveness of transport systems, technologies and 

algorithms for assessing the territory in terms of their ability to meet the existing 

transport demand are of primary interest. It is territorial (in the broad sense of this 

term) restrictions that determine the development opportunities of the territory and, 

ultimately, the quality of life on it (Trofimenko et al., 2013).  The absence of a 

coordinate system, restrictions, indicators (criteria) for evaluating the effectiveness of 

transport systems that take into account their multimodality is explained by the lack 

of adequate methods for quantifying the demand for transport services. Therefore, it 

is an important and interesting task to get a system of indicators of transport space for 

assessing the territory development. 

 

 

3. TRANSPORT ACCESSIBILITY AND AVAILABILITY ARE THE MAIN 

INDICATORS OF THE TRANSPORT SPACE OF TERRITORIES 

 

Transport accessibility is a measure of the ability of a territory to be reached, or 

it is the ability to reach other territories by means of transport. The methodology of 

equated indicators already exists, and there is a need to diversify transport 

opportunities in terms of availability. For example, there are places and territories 

where there is only one type of transport, and this is not the same as having several 

types of transport. There is no understanding of the extent to which the costs of 

multimodality (the interaction of different modes of transport) are required. Based on 

the use of only an economic resource, it is difficult to determine the effectiveness of 

transport network solutions. It is required that the system of indicators is sufficient in 

terms of cash needs, based on costs, and if so, it suits the cheap solutions, and one 

mode of transport is always cheaper. On the scale of the macroregion, it is necessary 

to have a decision on the feasibility of justifying borders for combining transport 

modes. 
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The system is always characterized by the presence of several criteria and only 

one of them is used. We need a special transport criterion that can partially represent 

a multi-criteria solution.  

How can such a decision be justified? This is the way: project - cost - justification 

method, but transport is the worst amenable to this algorithm. Economic efficiency 

comes down to cost-effectiveness. 

The purpose of this study is to develop a system of indicators of transport space 

in the context of sustainable development. Taking into account that 3 spheres of 

human activity are equally important in the theory of sustainable development: 

economy, ecology and social sphere, the authors propose three blocks of enlarged 

indicators that affect transport availability and accessibility of the territory: 

- technical and economic indicators of the territory TEcI (Technical and 

economic indicators of the territory): TEcI = { TEcI1, TEcI2, … }; 

- socio-political indicators SPI (Socio-political indicators):  

SPI  = { SPI 1, SPI 2, … }; 

- environmental and geographical indicators of the territory EnGI 

(Environmental and geographical indicator): EnGI = { EnGI 1, EnGI 2, … } 

We assume that all these indicators are equal. However, to determine transport 

availability and accessibility, a certain experience (mathematical toolkit) has been 

accumulated, which is well combined with the method proposed by the authors, but 

requires some improvement. 

The category "transport availability" is introduced in order to show a certain 

capital value that has a value-based significance.  It is important to see the range where 

interchangeability of transport modes or their simultaneous representation is 

absolutely justified, despite the high cost. In addition to the block of technical and 

economic indicators, it is necessary to take into account the blocks of socio-political 

indicators and geographical and environmental indicators, which should also be based 

on. In addition, let's remember the categories of Dialectical materialism - space and 

time, which we will focus on when developing the Transport criterion of the territory.  

So, referring to the transport availability of the territory, the authors found that 

"traditional" indicators such as the density of the road network and the coefficients of 

Engel, Golts, Uspensky, Vasilevsky are directly related to each other and are 

measured in kilometers.  

In the article (Savushkin et al., 2019), scientists summarized the indicators of 

network density, denoting the transport indicator of spatial development of the region 

in x, and the indicator of transport availability of socio-economic development of the 

region by the formula: 

V = 
𝑥

𝑎
,    (1) 

 

where a is the socio-economic indicator of the region used to assess its 

development. 

Calculation of the complex index of network density is performed by analogy 

with the formula (1). In this case, the geometric mean of two or three corresponding 

indicators is used as the denominator [21]. For example, the following formula can be 

used: 
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       𝑣 =
𝑥

√𝑎𝑆𝑎𝑃𝑎𝐺
3                                             (2) 

 

where aS, aP, and aG are indicators of the area, population, and economy of the 

region, respectively. 

To measure the contribution of cargo and passenger transport modes, the 

indicator of equated transportation output w is calculated using the formula: 

  𝑤 = 𝐺 + 𝑘𝑃,   (3) 

 

where G is the cargo turnover, P is the passenger turnover, and k is the coefficient 

for converting passenger-kilometers (pass. km) to ton-kilometers (tkm).  

Speaking about the complex indicator of the density of the network of different 

transport modes, it is worth noting that there are the methodology of equated 

indicators, so 1 km of the operational length of various types of transport to 1 km of 

the length of railways is determined by the formula: 

kequated =  
𝐿𝑡

𝐿𝑟𝑤
 ,   (4) 

 

where, with the consideration of the comparison of the levels of carrying and 

freight capacity of highways, kequated has a different value: 

 for an improved motorway, kequated = 0.45, 

 for roads with normal hard surface kequated = 0.15, 

 for a river route, kequated =0.25, 

 for the main gas pipeline kequated =0.30, 

 for medium-diameter oil pipelines kequated = 1.0.  

However, further diversification of transport options in terms of availability is 

necessary. For example, there are places and territories where there is only one type 

of transport, and this is not the same as having several types of transport. In the current 

context it is important to consider the multimodal nature of the transport network, and 

hence the transport availability areas, as a transport indicator in this territory. 

In (Savushkin et al., 2019), it is proposed to calculate the complex transport 

indicator of various types of transport using the formula (5):  

 

      �̅� = ∑ �̅�𝑖ℎ𝑖
𝑛
𝑖=1    (5) 

 

where n is the number of modes of transport, hi is the transport indicators, and qi 

is the highest efficiency indicator for each type of transport. 

So, transport availability, measured in kilometers, is referred to the indicator of 

spatial development of the territory. And transport accessibility, measured in units of 

time (hours), is classified as a time indicator. Thus, we obviously see the categories 

of dialectical-materialistic philosophy based on the concepts of space and time – the 
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main forms of existence of matter. We will also take into account movement as a way 

of existence of matter as the third basic philosophical category for the formation of a 

system of transport space indicators.  

Now the results of this reasoning are presented in tabular form in the form of 9 

enlarged blocks of indicators: 

 

Table 1. Indicators of the transport space of territories 

Blocks of 

indicators of 

transport 

development 

of the territory 

Basic Philosophical categories used as the basis for the indicators 

Space is the form 

of existence of 

Matter 

Time – 

 the form of 

existence of Matter 

Movement –  

the mode of existence of 

Matter 

Basic 

categories of 

transport 

development 

TRANSPORT 

AVAILABILITY,  

network density, 

km 

TRANSPORT 

ACCESSIBILITY, 

hour 

SPEED,  

km/h 

Geographical 

and 

environmental 

indicators, 

EnGI   

For example: 

Network density 

indicator measured 

by the ratio of the 

length of the 

operational length 

of the network to 

the area of the 

territory (formula 

1) 

 

For example: 

Periods of 

restoration (self-

restoration) of the 

natural environment 

from negative 

impacts of transport  

For example: Sector 

speed of the territory, as 

the weighted average of 

sector speeds on various 

modes of transport 

(formula 5) 

 

Socio-

political 

indicators, 

SPI 

For example: 

transport 

availability of 

population, 

measured by the 

ratio of network 

operating length to 

the population size 

(formula 1) 

For example: 

Transport 

accessibility 

indicator for 

passenger transport 

 

For example: Passenger 

traffic capacity  

Passengers/h 

Technical and 

economic 

indicators, 

 TEcI 

For example: 

Transport 

availability of 

goods, measured by 

the ratio of the 

operational length 

to the volume of 

traffic in a given 

territory (formula 

1) 

For example: 

Transport 

accessibility 

indicator for freight 

transport 

 

For example: Carrying 

capacity, 

(load capacity) – the 

largest number of tons of 

cargo that can be 

transported on the 

territory's transport 

network per unit of time 
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Integral 

indicator 

Comprehensive 

indicator of 

network density, 

that takes into 

account the area, 

number and volume 

of production 

(formula 2) 

Comprehensive 

indicator of the 

density of the 

network of various 

types of transport, 

in equated km.:  

(formula 5). 

  

Comprehensive 

indicator of transport 

accessibility 

Production capacity of a 

transport system: 

Equated transportation 

output per unit of time:  

 

𝑁 =
𝑤

𝑇
 

 

 

Thus, the paper proposes a typology of indicators based on the one hand on the 

subject-content disclosure of philosophical categories: spacetime, movement, and on 

the other hand, on the principles of sustainable development of territories. 

Research (Volkova et al., 2018) shows that the state of the territory's road 

network and indicators of its socio-economic development are interrelated. With the 

slightest positive changes in the road infrastructure, the indicators of the 

macroregion's transport space improve and the level of well-being of its residents 

increases. 

However, nowadays natural and territorial landscape is overlaid with technology 

platforms and is getting reshaped by them. Examples: large aviation hubs with a 

landing frequency of 1 plane in 35 seconds, 600-kilometer transport availability, high-

speed railway - no more than 2 hours of availability. The speed on Chinese high-speed 

railway today is 300-330 km/h. The Japanese have reached a speed of 500 km/h, but 

so far only one route per day, as it is obvious that the entire infrastructure needs to be 

changed completely. Changes are also possible thanks to the "last mile" technology, 

in which a passenger calls a taxi from a train car.  

Technological platforms should also be used to solve the problem of insufficient 

development of mathematical and algorithmic tools for forecasting and scenario 

modeling of the development of large transport systems of territories, with due 

account for long-term social and economic consequences. Ontologies are used in the 

development and design of knowledge-based systems to generate the indicators stated 

by the authors. Therefore, you can use knowledge that has been tested in practice. 

This, in turn, guarantees the high quality of the created indicator system, as well as its 

potential integrability with already developed systems. 

 

 

4. MODELS OF SOCIO-ECOLOGICAL AND ECONOMIC PROCESSES IN 

THE TRANSPORT SPACE OF MACRO-TERRITORIES 
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The creation of mathematical models of socio-ecological and economic 

processes and their use for the analysis of the system of indicators of transport space 

is a very relevant and quite complex task. The support system is implemented as a 

knowledge-based system (Fig. 1) 

 

Figure 1. Support system for analysis and synthesis of transport and logistics systems 

 

Source: authors 

 

Knowledge-based systems are computer programs designed to replicate the 

work of experts in specific areas of knowledge. Common properties that unite all 

knowledge-based systems are:  

- attempts to represent knowledge in an explicit form; 

- reasoning system that allows you to get new knowledge. 

The use of specialized methods for constructing ontologies allows you to extract 

information to create a conceptual model of a system of indicators from a wide variety 

of information sources. New elements of such model and rules that use them can be 

quickly added to existing knowledge bases (Fig. 2.) 

 

Figure 2. The tool for creating a knowledge-based decision support system 

 

Source: Nikolaychuk et al., 2018   
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Today, ontological pictures are more mobile forms of organizing ideas about 

objects in a situation of many processes and when it is necessary to link them to each 

other. They address at least 3 groups of problems: 

1. Interdisciplinary communication of specialists at the borders of subject 

areas. 

2. Communication of leaders without delving into the details of research 

models. 

3. Ensuring the transition from a functioning mode to a development mode. 

Thus, based on the existing ontologies of transport and logistics, environmental 

and social processes in the macro-region, a conceptual model of the transport space 

indicator system is being developed. This model allows you to describe all the main 

indicators, which is confirmed by the use of modern applied ontologies from the 

subject area under consideration (Fig. 3). 

 

Figure 3. Indicator research methodology 

Forecast for transport system development of a macroregion 

based on technical, economic, socio-political and 

geographic-environmental indicators

Determination of the qualitative and quantitative composition 

of the necessary indicators of the transport space of a 

macroregion

Infrastructure facilities operations modeling, analysis of 

accommodation consequences, updating decisions made, 

creating new restrictions

Knowledge 

data base

IIS

Models, methods, 

programs

Formalization

IIS - Intelligent 

information system

 

The current level of mathematical, information and intellectual methods of 

information processing, together with the large amounts of data accumulated to date, 

reflecting various aspects of socio-ecological and economic systems, determine the 

great potential for further development of models of the "Region" type both from a 

theoretical point of view and in the field of software development. 

The further course of software development would be the implementation of 

ideas on a new information technology basis, including the use of artificial 

intelligence methods, support for distributed computing, and a web-based way of 

interacting with users. 
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5. BRIEF CONCLUSION 

 

Transport systems are the basis for ensuring the spatial development of 

territories of various types and levels. In this regard, for the purposes of development 

management, it is necessary to create a system of indicators for the transport space. 

In view of the universal and defining role of transport systems in spatial development, 

we propose a typology of indicators based on their substantive disclosure of such 

fundamental categories as space, time, and movement. Indicators that reflect technical 

and economic, geographical and environmental, and socio-political criteria for the 

development of the system are distributed in relation to them.  

And of course, the work on forming a system of indicators for the transport 

development of regions should continue. The advantage of this study is to systematize 

the basic categories of the transport network: transport accessibility and availability, 

taking into account the philosophical approach and on the basis of sustainable 

development of territories. The approach presented in this paper is adequate to the 

current conditions of development of both a particular region and the country as a 

whole. Generalization of the approach proposed here is a conceptual model of the 

transport space based on ontologies of transport and logistics, economic, social and 

environmental processes in macroregions.   
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Abstract 

 

Fast growth of road transportation companies registered in Poland, whose fleet 

has become the largest in European Union has yet not received sufficient attention. 

Here relationships of profitability and financial liquidity and a company growth of 

sales for 2367 road transportation companies registered in Poland in period 2013 - 

2017 are studied. The static, linear, symptomatic and mezoeconomic econometric 

model is proposed and the analysis is based on the moving quartile, Spearman rho and 

Kendall tau-b coefficients and multi-segment piecewise-linear approximation with 

Theil-Sen trend lines. The relationships between the growth of sales and considered 

factors are not uniform and depend on a factor rage. The results of this study postulate 

positive relationship between the profitability and the growth of sales in a given range 

for studied companies. The optimum financial liquidity to increase the growth of sales 

for road transportation companies registered has been identified. Managerial 

implications and advantages following from the applied analysis are given. 

 

Key words: growth, profitability, financial liquidity, road transportation 

 

 

1. INTRODUCTION  

 

Since long determination of significant factors for firms’ growth have been an 

interests of both researchers and decision makers (Gibrat, 1931; Massey et al., 2006; 

Masurel & Montfort, 2006; Baum et al., 2001). However, despite the first well 

recognized paper on growth of firms had been published in 1931 (Gibrat), the effective 

and universal formula for growth still remains elusive. According to the literature, this 

is primarily because the growth is not homogenous for different businesses (Massey 

et al., 2006), paths of growth may change over time (Masurel & Montfort, 2006) and 

so the growth is widely acknowledged to be a very complex and multifaceted process 

(Baum et al., 2001). 

In this paper only one industry in one country is being studied, as to arrive to 

specific and industry relevant findings of the effect of different factors on the 

company’s performance. The road transportation industry has been selected, because 

it is the largest services sector which plays significant role in any economy and it has 
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been insufficiently studied. Table 1 provides the carriage of goods by road by 

companies from selected countries, in thousand tones within the European Union 

territory. The scope of this study has been narrowed to Poland and to the period 

between 2013 and 2017 what stems from the fact that the road transportation 

companies registered in Poland became, in that period, undisputed leader in road 

transportation in European Union (EU). As disclosed in Table 1, selected companies 

grew, in a period between 2013 and 2017, on average 35.4% and delivered as much 

as 17.5% of all road carriages within EU in 2017. The following years, i.e. 2018 and 

2019 are not subject of this study as the growth of Polish road transportation 

companies decreased.  

 

Table 1. The carriage of goods by road by companies, in thousand tones within the 

European Union 

 2013  2014  2015  2016  2017  Growth 

Poland 247.594 250.931 260.713 290.749 335.220 35,4% 

Germany 305.744 310.142 314.816 315.774 313.149 2,4% 

Spain 192.597 195.767 209.390 216.997 231.109 20,0% 

France 171.472 165.225 153.580 155.843 167.691 -2,2% 

United 

Kingdom 

139.703 135.393 150.101 155.042 153.939 10,2% 

Other 654.113 662.400 677.372 840.697 719.505 10,0% 

Total 1.711.223 1.719858 1.765.972 1.834.843 1.920.613 12,2% 
Source: Eurostat (2019) 

 

The sample for this study comprise 5,310 observations relating to 2,367 road 

transportation companies registered in Poland, among which are present both, small 

local companies and subsidies of large multinational transportation companies like 

DHL, FM Logistic, DPD, Raben, GLS, Hellman, Geodis and others. The data for this 

study have been obtained from Emerging Markets Information Service (EMIS). The 

static, linear, symptomatic and mezoeconomic model is proposed to quantify the 

impact of profitability and financial liquidity on the growth of sales of Polish road 

transportation companies in the considered period. Because of significant data 

dispersion robust statistical methods have been used in this study. The moving quartile 

analysis have been applied to determine the form of the relationship between the 

growth of sales and considered performance factors in their different ranges, Kendall 

tau-b to determine the importance of correlations and multi Theil Sen linear 

approximations to fit the obtained relations. The contribution to the extant literature 

are empirical relationships between the selected factors and the growth of road 

transportation firms. These relationships are different in different ranges of considered 

factors. The results, conclusions and suggestions have managerial implications for 

improved performance of transportation companies.  

The rest of this paper is organized as follows: in Section 2 an existing literature 

on factors influencing growth of companies is being reviewed. In Section 3 research 

methodology and its different components like research design, sample of 

observations, data sources and variables used in the study are given. Section 4 presents 

results and analysis derived from the empirical data. Next the discussion of results is 
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being provided. The paper ends with conclusions, some managerial implications, 

limitations of this study and indications for future research. 

 

 

2. LITERATURE REVIEW 
 

The first well-recognized and oft-cited paper on growth factors was published 

by Gibrat in 1931. He developed the Law of Proportionate Effect, which states the 

growth of each company in each period is independent of its observable characteristics 

(Gibrat, 1931). According to this law, growth is unrelated to, inter alia, profitability 

and financial liquidity and so the companies have the same probabilities of achieving 

any particular growth rate in any period. As a result of concentration over time, some 

companies tend to enjoy an above-average growth rates, while others tend to decline 

or maintain the same size. Following Gibrat a significant body of literature on growth 

of the companies in different periods, industries and countries emerged. Although 

some researches claim firm growth rates are random, suggesting further they are best 

modelled as a random walk (Geroski et al., 1997), the vast majority of studies reject 

Gibrat law (Oliveira & Fortunato 2008). 

As the issue of firms growth is of great interest to both researches and decision 

makers, the number of already studied or analysed growth factors is significant and 

continue to develop. Therefore, a good point to start literature review is to categorize 

already presented in the literature growth factors into several groups. This task has 

been already approached by Weinzimmer (1993), who divided growth factor into 

external and internal to the company. Internal factors, can be divided further into those 

relating to the company itself, over which management have no influence and factors 

resulting from management decisions. 

Among discussed in the literature and in business practice firm growth factors, 

over which the management have control is the profitability. Hoy et al. (1992) 

postulate the existence of significant and negative relationship between the growth 

and the profitability of companies. The dependence that the growth of a firm and rising 

profits contradict each other is also given by Marris (1964). The management of 

companies therefore, select a preferred position, which is either expansion and 

lowered profits or the opposite of both. Several other scholars claim the opposite, i.e. 

the existence of positive relationships between the growth and the profitability of 

companies. They explain that companies without profits cannot grow in a sustainable 

way, or that profitable companies can redistribute a portion of profits to finance 

growth (Geroski et al., 1997; Claver et al., 2002; Samiloglu & Demirgunes, 2008; 

Asimakopoulos, 2009). Findings of other studies show that the relationship between 

the growth and the profitability of companies is insignificant (Weisbord, 1994; 

Markman & Gartner, 2002). Finally, several researchers consider a dynamic 

relationship between the growth and profits, i.e. they postulate that the current 

earnings endorse the growth rate of the firm in the following period, and that the 

current growth rate has a negative and statistically significant influence on the profits 

in the next period (Goddard et al. 2002). 

Financial liquidity has been already a subject of a number of studies. Several 

scholars postulate liquidity has a positive and significant influence on growth of the 
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firms (Rahaman 2011; Musso and Schiavo 2008). This is primarily because higher 

liquidity levels are usually related to lower financing constraints and thus offer more 

possibilities to undertake profitable investments, which finally endorse the growth. 

Not all researches consider positive relationship between growth and liquidity. Anton 

(2018), contrary to other researchers claims, contemplated relationship is negative. 

The literature of financial management considers liquidity as synonym of safety, 

indicating however, that high liquidity levels, especially in the form of current assets, 

is capital that could be used more productively by the companies (Wolf et al. 2016). 

Other internal factors expected to affect the growth of companies, over which 

management has no control are legal form, which positively stimulate the growth of 

the companies (Davidsson and Wiklund 2001; Terjesen and Szerb 2008); location, 

which can positively influence the growth (Westhead and Storey 1996; Dahlstrand 

and Stevenson 2010), negatively (Glancey 1998) or may not affect the growth at all 

(Davidsson and Wiklund 2001) and ownership structure, which might be positive for 

the growth of the companies (Davidsson and Wiklund 2001). These factors are not 

consider here. In the literature, internal and controlled by management factors 

influencing company performance are: exporting (Terjesen and Szerb 2008), 

competitive aggressiveness (Baum et al. 2001), innovativeness (Lumpkin and Dess 

2001), management training (Mulie and Raju 2015), new products introduction 

(Barbero et al. 2011), technological sophistication (Barbero et al. 2011) and corporate 

social responsibility (Xiping 2014) or trade accounts receivables levels (Korneta 

2018). 

External factors expected to affect the growth of companies have also been 

identified and studied in the literature. External factors result from an environment, 

which provides the companies with the growth threats and opportunities (Davidsson 

1989; Stevenson and Jarillo 1990), which are assumed to have the same effect on all 

firms in a particular location or industry. Audretsch and Mahmood (1994) confirmed 

that the growth of companies depends on the industry growth rate. Terjesen and Szerb 

(2008), Baum et al. (2001) Federico et al. (2012) claim the competition has positive 

influence on the growth of companies, whereas Kalleberg and Leicht (1991) and 

Birley and Westhead (1993) in due course of their studies found no relationship 

between competition and growth of the companies. Given considerable findings have 

been already presented in the literature on external growth determinants and due to 

relatively short period of time for our study, i.e. the studied period comprise only the 

time of economic expansion and does not comprise recession, the influence of external 

variables including interest rates, unemployment rates and so on, on the growth of 

companies is not considered here.. 

 

 

3. METHODOLOGY 
 

The sample for our study comprises 5,310 observations relating to 2,367 road 

transportation companies registered in Poland in a 5-years period between 2013 and 

2017. The variables used have been calculated based on figures obtained from 

Emerging Markets Information Service (EMIS). Since one of variables used in this 

study requires figures for two consecutive periods and because EMIS database have 
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not comprised financial statements of studied companies for each of the studied 

periods, the number of observations is reduced and amounts to 5,310. Table 1 provides 

variables used in the study, their acronyms and description of calculations.  

 

Table 2. Variables used in the study 

Variable Acronym Description 

Growth of sales GRS The difference of year sales and prior year 
sales 
divided by prior year sales 

Profitability ROA Ratio of net result to total of assets 

Financial liquidity 
LIQ Ratio of short term assets and short term 

liabilities 

 

A great variety of firm growth measures have been used in various studies. 

Nonetheless, according to Achtenhagen et al. (2010) around 50% of scientific studies 

employ sales revenues to measure firm growth, while around 30% number of 

employees. Remaining growth measures use market share, value added, earnings, 

total of assets, or the number of customers (Furlan et al., 2014). Aligned to the 

majority of scholars (Anton, 2018; Seungkyu and Jaejun, 2015) we use sales revenue 

to calculate the growth of firms, which is a good proxy for product or service 

acceptance in the market. Hence, this study assumes, the growth of sales is a measure 

of commercial success and therefore we conclude to quantify the growth by the 

growth of sales. Additionally, according to Mitchell (1994) this measure is usually 

highly correlated with other growth measures. 

The first of studied independent variables is the profitability. The profitability is 

usually measured with return on equity (ROE), return on assets (ROA) and return on 

sales (ROS) ratios (Baah-Acquah et al., 2017; Tyagi and Nauriyal 2017, Korneta 

2019). In this paper ROA has been employed as a proxy for the profitability of studied 

companies, primarily because it provides information on how the company uses 

efficiently it’s all assets. 

The second variable is the liquidity. This study uses current ratio as a proxy of 

liquidity. Current ratio is frequently used in various studies by other researchers 

(Anton 2018; Musso & Schiavo 2008). Stated ratio compares current assets, i.e. assets 

that will become liquid in 12 months with liabilities due for payment, also, within 12 

months (Drury 1981). 

Pursuant to selection of variables the descriptive statistics have been calculated 

and the relationships between studied variables visualized on the graphs. Visualization 

of the contemplated relationships has been achieved through the use of moving 

median to determine different relations between considered variables in different 

ranges. The median values of both variables have been calculated in a moving window 

containing data of 200 observations. The moving first and third quartile have also 

been calculated to quantify the distribution of data around the median. After 

identifying the relation between variables in different ranges, the Spearman rho and 

the Kendall tau-b coefficients have been calculated. Such approach has been already 

used in the literature (Krzyszkowski & Korneta 2019). Next, we applied to each range 

the Theil-Sen procedure to observations in this range and we fitted the relation 
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between variables by a straight line. Theil-Sen procedure is acknowledged to be the 

most popular nonparametric technique for estimating a linear trend (El-Shaarawi 

2001). The objective of this method is to fit robustly a line to sample points by 

choosing the median of the slopes of all lines through pairs of points (Sen 1968; Theil 

1950; Gilbert 1987). The Theil–Sen estimator is considerably more accurate than non-

robust simple linear regression, especially for skewed and heteroskedastic data. 

Additionally, it should be noted, the Theil–Sen estimator provides better results than 

non-robust least squares method, even for normally distributed data (Wilcox 1998). 

Finally, through the use of aforementioned methods multi-segment piecewise-linear 

approximation to the relationships between considered variables have been obtained. 

 

 

4. RESULTS 
 

Table 3 shows the descriptive statistics for all variables used in this study. The 

probability distribution of GRS of road transportation Polish companies is shown in 

Figure 1.  

 

Figure 1. The probability distribution of GRS expressed in percent for 2,367 Polish 

road transportation companies in the period 2013-2017. Only the range [-0.75, 1.05] 

is shown for clarity what corresponds to 95% of companies 

 
 

One can notice that the most of GRS is concentrated near 0 what is also 

expressed by the large kurtosis, disclosed in Table 3. On average, the companies 

included in studied sample exhibit a high mean growth of sales of 1.089 and low 

median 0.053 per year over studied period. This and the large skewness indicates that 

there are small number of firms with very large growth of sales (GRS). In particular, 
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1859 out of 5310 GRS observations were negative (negative mean value of 0.128); 

3439 observations are positive (mean value of 1.75) and the remaining 12 

observations in this sample are nil. Great differences between min and max and high 

standard deviations for ROA indicate large distribution of ROA variable. High LIQ 

values display high working capital levels of the road Polish transportation 

companies. 

 

Table 3. Descriptive statistics of 5,300 observations relating to Polish road 

transportation companies in the period 2013-2017. Variables are defined in table 2 

Variable Mean SD Median Min Max Skewness Kurtosis 

GRS 1.089 23.034 0.053 -1 1067 38.33 1625.08 

ROA 0.081 1.111 0.055 -61 37 -19.61 2098.15 

LIQ 2.35 20.217 1.301 0 1444 68.6 4882.65 
Source: own elaboration 

 

Table 4 provides results of statistical tests of relations between GRS and selected 

independent variables, i.e. the Spearman rho and the Kendall tau-b with p-values (one 

side). Additionally, Theil-Sen slopes (m) and intercepts (b) have been presented in all 

segments of the obtained multisegment piecewise-linear approximation. 
 

Table 4. Results of statistical tests of relations between GRS and studied variables 

with Theil-Sen slopes (m) and intercepts (b) of trend lines in each segment of multi-

segment piecewise-linear approximation.  p-values are one side values 

 Spearman Kendall Theil-Sen 

 coefficient p Tau-B p m 

slope 

b 

intercept 

ROA       

< -0.1634 -0.0171 0.4177 0.0297 0.2949 0.0171 -0.0529 

[-0.1634,0.2517] 0.1916 <0.0001 0.1291 <0.0001 0.4633 0.02 

> 0.2517 0.0568 0.1246 0.0544 0.051 -

0.0314 

0.1445 

LIQ       

< 1.0673 0.2111 <0.0001 0.1433 <0.0001 0.1733 -0.0805 

[1.0673,1.2687] -0.034 0.168 -

0.0233 

0.1619 -

0.1572 

0.2722 

[1.2687,2.9654] -0.0643 0.0011 -

0.0433 

0.0010 -

0.0222 

0.1009 

> 2.9654 0.0048 0.46 0.0033 0.45 -

0.0003 

0.0359 

Source: own elaboration 

 

Following methods described in the methodology section, the moving quartile 

and the multi-segment piecewise-linear approximation to the relation between ROA 

and GRS have been determined. As disclosed in the figure 2, contemplated 

relationship should be divided into three different segments and approximated with 3 
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straight trend lines. The first segment comprise ROA observations below -0.1634. The 

Theil-Sen trend line is almost horizontal, which indicates no relationship between 

ROA and GRS in this range. The Spearman rho-coefficient and the Kendall tau-b 

confirmed that this relationship is not statistically significant (p-values significantly 

over 0.05). The second segment comprise the vast majority of studied observations, 

i.e. 4,706 out of 5,310, hence accounts for 0.886 of our sample. The relation between 

ROA and GRS in this range is well fitted with the Theil Sen straight line with the 

slope of 0.4633 and the intercept of 0.02. This large positive slope confirms the 

relationship between ROA and GRS is positive and statistically significant. Results 

obtained with Theil-Sen method are supported with the Spearman rho-coefficient and 

the Kendall tau-b, which amounted to 0.1916 and 0.1291 respectively with very low 

p values confirming their statistical significance. Very low, close to nil value of Theil-

Sen straight line slope and p values of the Spearman and the Kendall coefficients 

above 0.05 indicate no statistically significant relationship between ROA and GRS 

for the last segment with ROA values above 0.25. 

 

Figure 2. The relation between GRS and ROA with the moving quartile and the 

multi-segment piecewise-linear Theil Sen approximation 

 
 

Figure 3 provides the graph of the relation of the growth of sales GRS and the 

financial liquidity LIQ. Although the optimal growth value of LIQ is around 1, for 

which median of GRS is almost 0.15 and third quartile around 0.4, the contemplated 

relationships were approximated with 4 segments. The first segment comprise LIQ 

observations below 1.07 and is the only segment with positive relationships between 

considered variables. The Spearman rho-coefficient and the Kendall tau-b confirmed 
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Theil Sen results, while p values approximated to nil confirmed the results are 

statistically significant. The following segment, comprising LIQ observations in a 

range between 1.06 and 1.27, is approximated with fast decreasing Theil Sen trend 

line.  

 

Figure 3. The relation between GRS and LIQ with the moving quartile and the 

multi-segment piecewise-linear Theil Sen approximation 

 
 

The Spearman and the Kendall coefficients confirmed this negative trend, but 

results of these tests are not statistically significant. The trend in the following two 

segments is also negative, however the strength of this relationship gets weaker, which 

is visible by slopes of Theil Sen trend lines which are -0.0222 and -0.0003 

respectively. 

 

 

5. DISCUSSION 

 

The results of this study show that the relationship between profitability (ROA) 

and growth of sales (GRS) differ for the consecutive ROA ranges. For ROA values 

below -0.16 there is no relationship between ROA and GRS. In the largest the second 

range [-0.16,0.26] comprising over 86% of observations, studied relationship is 

positive and statistically significant. The slope of approximated trend line is 0.4633. 

For the highest ROA values the obtained results indicate no statistically significant 

relationship. Since the second largest segment comprising the bulk of observations it 

should be consider as representative for the studied industry. The first and the third 

segments, comprise rare (marginal) observations, should be studied independently. 
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Hence, this study joins the large discussion among scholars on the growth and the 

profitability postulating their positive relationship. Such findings are important for 

road transportation industry. This industry conversely to others is less reliant on 

research and development expenditure, as it provides services instead of 

manufacturing products. Secondly significant portion of services is done between 

business to business transactions, which again, conversely to other business to 

customer transactions require less spending on advertising campaigns. Obviously, 

transportation industry requires investments, like for example in systems, trainings of 

employees and so on, however not as much as several other industries. The profits 

therefore can finance the growth. Accordingly, due to the characteristic of studied 

industry it seems justified that the companies from our sample require profits in order 

to grow. Hence, the following postulate of this paper is that there is the positive 

relationship between the profitability and the growth of studied companies. The 

findings of this study are in agreement with postulated results of Geroski et al. (1997), 

Claver et al.(2002), Samiloglu and Demirgunes (2008) and Asimakopoulos et al. 

(2009). 

Despite the majority of scholars claiming the positive relationship between 

liquidity levels and the growth and other scholars claiming the opposite, empirical 

results of this study confirmed the existence of sharp optimum level of the liquidity 

for growth of studied companies. Hence, for the studied industry, the relationship 

between the liquidity and growth of sales is not monotonous and should not be 

approximated with one single trend line. The optimum liquidity level identified for, 

willing to grow, road transportation companies registered in Poland, is around 1.07. 

Hence, the results of this study endorse findings of Rahaman (2011) and Musso and 

Schiavo (2008) up to the current ratio of 1.07, while above that threshold are aligned 

to research results obtained by Anthon (2018). 

 

 

6. CONCLUSIONS 

 

In this paper the mutual relationship between the growth of sales and profitability 

and financial liquidity for 2,367 road transportation companies registered in Poland 

for the 5-years period between 2013 and 2017 have been studied. In this paper the 

Spearman rho and the Kendall tau-B coefficients have been employed. Additionally, 

the multi segment Theil-Sen method to properly fit studied relationships with relevant 

trend lines has been used. 

The results of this study indicate the positive relationship between the 

profitability and the growth of sales of studied road transportation companies. This 

might result from the fact, that studied companies, relative to other industries, require 

less investment on research and development or marketing, hence, discussed in the 

literature trade-off between the growth and the profits is not observed for studied 

sample. Based on the empirical results it might be concluded that profits boost the 

growth of sales. 

The results of this study indicated the optimum liquidity level to endorse the 

growth of sales, which is around 1, if measured with current liquidity ratio. The firms, 

which uphold liquidity levels below 1.07 and increase it, could expect the growth of 
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sales. Once stated threshold is exceeded the growth of sales decreases, initially vary 

sharp and next slowly. 

Since management have control of both of studied variables, i.e. profitability and 

liquidity, the results of this paper can be interesting to decision makers. Hence the 

management of transportation companies should consider postulates of this study, 

while planning of the growth process. 

Given inconsistency of findings presented in the literature on the growth factors 

the specific findings of this study add up to a wide literature on the firm’s growth 

factors for transportation companies registered in Poland. Since these companies 

poses the largest fleet and account for around 17,5% of all road carriages within 

European Union market, the results might be considered relevant for the European 

Union market. 

There are several limitations of this study that should be recognized. First, only 

2 selected growth factors have been studied. As a consequence further research is 

needed in order to understand how other factors influence the performance of road 

transportation companies. Secondly, the study period is relatively short, in particular 

it includes the time of economic expansion, whereas does not include recession. 

Finally it would be interesting to extend this study to road transportation companies 

in other countries both inside and outside EU. 
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Abstract 

 

The aim of this paper is to research and analyse traffic demand development on 

Croatian motorways in the period from 2007 to 2018. The purpose of the paper is to 

produce a forecast of traffic demand development on Croatian motorways until the 

year 2030 based on the noticed trends. Research results are based on descriptive 

statistics methods and on the average growth rate method. Major findings of this 

paper can be of help to traffic managers of all levels. 

 

Key words: traffic, motorways, traffic demand 

 

 

1. INTRODUCTION 

 

One of the most important changes in the Croatian traffic system is the 

construction of modern motorways.  This is a change supported by numerous policies 

(economy policy, traffic policy) that has been unfolding for more than two decades.  

Similar changes have also taken place in countries of the region thus determining both 

traffic and economic development. In considering the relationship between the offer 

of traffic infrastructure and traffic demand in the Croatian public and region (Božić, 

2011; Dančevska, 2012; Drašković & Drašković, 2016; Marton, 2019) the opinion is 

permanently present that an inadequate offer of traffic infrastructure is the cause of 

mailto:drago.pupavac@veleri.hr
mailto:robert.marsanic1@gmail.com
mailto:razvoj@pgz.hr
mailto:ivica.bakovic@yahoo.com


Traffic demand development on Croatian motorways 
Drago Pupavac, Robert Maršanić, Ljudevit Krpan and Ivica Baković 

  

90 

 

lacking traffic demand and that the development strategy using the surplus of 

infrastructural capacities can create traffic demand and kick-start economic 

development.  National interests in a certain period can justify a certain deviation from 

congruence of relationships between transport offer and transport demand, however a 

permanent and only rational traffic policy should be a congruent relationship between 

transport demand and transport offer (Padjen, 2003). Likewise, the new Traffic 

Development Strategy of the Republic of Croatia (2017) points out that further 

development of road network imposes the need to set priorities in terms of profitability 

of executing sections in accordance with transport needs. 

Traffic demand is made apparent in a certain time period and is connected to 

economic activities (Pupavac, 2017). In some cases, traffic demand is stable and 

repeating so that it can be forecasted for future period absolutely correctly.  In other 

cases, traffic demand can be unstable and unpredictable so that it is hard to be 

forecasted as well as it is hard to define an appropriate level of service. Modern social, 

economic and traffic development is marked with numerous and dramatic changes 

requiring continuous and repeated questioning of validity and sustainability of 

decisions that are based on assumptions from the past. In this context, in the Traffic 

Development Strategy of the Republic of Croatia (1999) for the road traffic forecast 

until 2010 (2020) annual growth rates of 5, 6 and 7 % are proposed for continental-

coastal corridors and 4, 5 and 6 % for continental corridors. Consequently, this paper 

rests on the position that the decisions on traffic estimation on Croatian motorways 

were too optimistic and that within themselves they did not contain any possible 

disorders in traffic demand and economy, which is the main reason for misbalance 

between the planned and realized traffic. The aim of this paper is to research and 

analyse traffic demand development on Croatian motorways in the last decade so that 

we can produce a realistic forecast of traffic demand development on Croatian 

motorways until the year 2030 based on the noticed trends. The hypothesis of this 

paper is that future traffic experts’ decisions on Croatian motorways business should 

be based on realized average annual growth rates from 2007 to 2018 since they within 

themselves include both positive and negative changes in the social, economic and 

traffic system. In order to prove the hypothesis the methods of descriptive statistics 

and average growth rate method have been employed.    

 

 

2. THEORETICAL FRAMEWORK AND RESEARCH PROBLEM  

 

In the 20th and early 21st century many countries experienced a large increase in 

both number and duration of travel.  A significant part of this increased travel number 

is caused by population increase, income growth, modern infrastructural and supra-

structural means and a significant decrease in transport costs. High passengers’ and 

commodities’ mobility followed by transit and tourist traffic are major determinants 

for transport demand in the Republic of Croatia. Falling behind in any of these implies 

Croatian traffic lagging behind developed European countries. 

A particular problem poses an insufficient traffic quantity on road routes, which 

results in unsatisfactory income from road tolls. This problem has been present not 

only on motorways owned by the government but also on the motorways managed by 
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the concession holders. The Republic of Croatia entered into agreements on granting 

concession for the motorway A8 and A9 and the Učka tunnel to the company Bina-

Istra d.d. and the motorway A2 to the company Autocesta Zagreb-Macelj d.o.o. 

Within the period from 2009 and 2014 the Republic of Croatia paid the private 

concession holders on the concession agreement account HRK 1 198 984 477. The 

amounts are paid based on the execution of the concession agreement. In other words, 

the country of the Republic of Croatia as the concession grantor assumed 

unfavourable obligations regarding road toll collection, monetary and other 

guarantees to the concession holders in order that they, due to unsatisfactory 

expectations in the traffic volume of vehicles and the amount of paid freight rate, may 

achieve acceptable profitability and opt for the construction of motorways. 

With regard to the construction of motorways, world standards are as follows 

(Samodol, 2002: 1) it is optimal to construct three kilometres of a four-lane motorway 

on one million inhabitants per year, 2) about 2% is invested into traffic infrastructure 

including railway, aviation and other per year, 3) a motorway is constructed when its 

average annual daily traffic lies between 12 000 and 15 000 vehicles, 4) a motorway 

is not for local traffic. Every 50 km an accessory road is made to not slow down the 

traffic. The speed should not fall under 80 km/h. Financing motorways with loans 

takes from 20 to 25 years; 5) a motorway is usually a political decision and the base 

document is a feasibility study that is a beginning of every decision. In the first half 

of the project period loans cannot be paid off and every deviation in time and value 

leads to the cutting of internal profitability rate and brings the project into danger, 

which leads to investment failure. 

Long-term forecasts in the field of road traffic are unrewarding and require the 

forecasting of life style, taste, development of political situation, new technologies 

and economic development.  A quite illustrative traffic demand development 

measured by annual daily traffic for a 36-year period through the Učka tunnel is given 

in Figure 1.    

 

Figure 1. Average annual daily traffic through the Učka tunnel from 1982 to 2018  

 
Source: hrvatske-ceste.hr/hr/stranice/promet-i-sigurnost/dokumenti/14-brojenje-prometa 

(7.4.2020.) 
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Based on information from Figure 1 it is evident that average traffic through the 

Učka tunnel has increased by more than seven times (7,18) in 36 years. Due to the big 

economic crisis from 2008 the traffic firstly decreased and then stagnated so that 

average annual daily traffic through the Učka tunnel reached the pre-crisis value not 

sooner than in 2016. The aforementioned points to the conclusion that a century was 

lost.    Afterwards, traffic growth increases heavily and terms and conditions from the 

concession agreement between the Republic of Croatia and Bina Istra are met defining 

that the four-lane motorway will be constructed when the number of vehicles through 

the Učka tunnel reaches 10.000 vehicles a day and in the tourist season 16.000. In 

other words, in the most frequent tourist season days already in the crisis period more 

than 14 thousand vehicles a day passed through the Učka tunnel (cf. figure 2). 

 

Figure 2. Peak daily traffic through the Učka tunnel (vehicles/day)

 
Source: Prepared by author according to: http://www.istra-istria.hr  

 

Based on Figure 2 a negative effect of the 2008 economic crisis is evident on 

traffic demand development measured by the number of vehicles passing through the 

Učka tunnel and the effect of the recent crisis caused by the Covid-19 virus will be 

even bigger when taken in the short term. The negative effect of the 2008 economic 

crisis measured by average annual daily traffic was evident on almost all Croatian 

motorways (cf. Table 1). 

 

Table 1. Average annual daily traffic on Croatian motorways, 2007-2014 

Motorway 2007 2008 2009 2010 2011 2012 2013 2014 2014/2008 

A1 Zagreb-Split-

Ploče 
12643 12814 11968 11941 12827 12001 12242 12566 -1,93538 

A2 Zagreb-Macelj 14341 13359 11133 11087 11039 11696 12216 11645 -12,8303 

A3 Bregana-

Zagreb-Lipovac 
15000 15387 14611 14289 14387 13542 13865 14085 -8,46169 
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A4 Zagreb-

Goričan 
7219 7820 7560 7053 7294 6657 6749 6931 -11,3683 

A5 Beli Manastir-

Osijek-BiH 
2196 2735 2793 2437 2534 2379 2383 2430 -11,1517 

A6 Rijeka-Zagreb 11075 11645 11678 11293 11767 11055 11058 11239 -3,48647 

A7 Rupa-Križišće 7051 6781 10041 10916 11487 14337 14431 14661 116,207 

Source: Traffic count on roads of the Republic of Croatia, Hrvatske ceste, d.o.o., Zagreb, 2015. 

 

Based on information from Table 1 negative traffic growth on the Croatian 

motorway network is evident for the period from 2008 to 2014. Negative traffic 

growth corresponds to negative economic trends in the Republic of Croatia. To bear 

this in mind is important since the accuracy of forecasting traffic demand is rather low 

in practice (Quinet, 2008). For example, traffic growth on the motorway Rijeka – 

Zagreb (A6) is planned at the annual rate of 4,5% from 2010 to 2020 and onwards. 

However, this traffic growth unfortunately has failed to come and consequently 

income from road tolls.   Similarly, realized average annual traffic in the year 2017 

on the motorway A1, for example, for selected sections (Bosiljevo2 - Ogulin, Ogulin 

- Brinje, Posedarje – Zadar, Vučevica – Dugopolje) was by 24,86% smaller than 

forecasted (Rupčić,2019). Accordingly, this period can be called the period of 

decrease and stagnation for Croatian motorways as well as the period to think 

seriously about monetizing and privatizing Croatian motorways (Kosor, 2013).  

The growth of average traffic and traffic income that followed after 2015 was 

abruptly stopped by the pandemic caused by the Covid-19 virus that emptied 

motorways both in Croatia and other European countries. In April 2020 traffic on 

Croatian motorways was smaller by 75 and paid road tolls by 71 percent.  In Austria 

traffic decreased by 80 % on motorways and in Great Britain traffic came down to 

traffic from 1955. Here an inevitable question arises as to whether Croatian 

motorways are able to respond to that challenge and whether traffic can be increased 

after the pandemic in the long term.   

 

 

3. DATA AND METHODS  

 

To palpably present traffic demand development on selected motorways in the 

Republic of Croatia shown by average annual daily traffic, information given in Table 

2 are taken as a starting point.     

 

Table 2. Average annual daily traffic on Croatian motorways, 2007 - 2018 

Motor

way 

200

7 

200

8 

200

9 

201

0 

201

1 

201

2 

201

3 

201

4 

201

5 

201

6 

201

7 

201

8 

A1 
126

43 

128

14 

119

68 

119

41 

128

27 

120

01 

122

42 

125

66 

13.

128 

14.

051 

15.

140 

15.

810 

A2 
143

41 

133

59 

111

33 

110

87 

110

39 

116

96 

122

16 

116

45 

12.

243 

12.

819 

12.

975 

13.

409 
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A3 
150

00 

153

87 

146

11 

142

89 

143

87 

135

42 

138

65 

140

85 

14.

740 

15.

807 

16.

216 

17.

093 

A4 
721

9 

782

0 

756

0 

705

3 

729

4 

665

7 

674

9 

693

1 

7.3

33 

8.0

10 

8.7

22 

9.2

18 

A5 
219

6 

273

5 

279

3 

243

7 

253

4 

237

9 

238

3 

243

0 

2.5

59 

2.8

32 

2.9

64 

3.1

85 

A6 
110

75 

116

45 

116

78 

112

93 

117

67 

110

55 

110

58 

112

39 

11.

893 

12.

783 

13.

554 

14.

228 

A7 
705

1 

678

1 

100

41 

109

16 

114

87 

143

37 

144

31 

146

61 

15.

054 

14.

408 

16.

356 

18.

798 

Total 
695

25 

705

41 

697

84 

690

16 

713

35 

716

67 

729

44 

735

57 

769

50 

807

10 

859

27 

917

41 

Source: Traffic count on roads of the Republic of Croatia, Hrvatske ceste, d.o.o., Zagreb, 2019. 

 

On the basis of collected data from Table 3, firstly the total realized traffic for 

selected motorways for the period from 2007 to 2008 will be analysed with descriptive 

statistics methods. Afterwards, average annual growth rates of total traffic on the 

indicated seven motorways will be defined and then for every respective motorway 

separately and then, based on the growth rate method, the average annual daily traffic 

for all indicated seven motorways respectively until the year 2030   will be estimated. 

Average annual growth rates for the indicated period will be calculated 

according to the formula  

 

 𝑖 = √
𝑋2018

𝑋2007

𝑛
          (1) 

 

where the following symbols stand for: 

i – average annual growth rate  

X2018 – average annual daily traffic in the year 2018 

X2007 - average annual daily traffic in the year 2007 

n – number of years in the observed period (11) 

 

Estimation of average annual daily traffic (AADT) on single motorways will 

be calculated according to the formula  

 

AADT= X2018 × (1 + i)n       (2) 

 

 

 

 

4. RESEARCH RESULTS AND DISCUSSION  

 

Total average annual daily traffic on selected Croatian motorways spanned a 

range as shown in Figure 3.    
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Figure 3. Range of total average annual daily traffic on selected Croatian motorways, 

2007 – 2018.  

 
 

Pursuant to the Graph in the period from 2007 to 2015 stagnation of average 

annual daily traffic on Croatian motorways is evident. After 2015 a significant growth 

of average annual daily traffic is evident so that total average annual daily traffic in 

the year 2018 was bigger by 14 791 vehicles. The smallest total average annual daily 

traffic amounted to 69 016 vehicles in the year 2010 and the biggest of 91 741 vehicles 

in the year 2018 (cf. table 3). The total average annual daily traffic on seven selected 

Croatian motorways amounted to 75 308 vehicles (SD=7 253).  

 

Table 3. Descriptive statistics of the total average annual daily traffic on selected 

Croatian motorways  

 

Mean 75308,08 

Standard Error 2093,735 

Median 72305,5 

Standard Deviation 7252,91 

Minimum 69016 

Maximum 91741 

Sum 903697 

Count 12 

Confidence Level (95,0%) 4608,279 

 

Based on the data from Table 1 the total growth percentage and average annual 

growth rate on selected motorways for the period from 2007 to 2018 were calculated 

(cf. table 4).   

 

70541 69784 69016 71335 71667 72944 73557 76950 80710
85927

91741
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Table 4. Realized growth rate and average annual growth rate on selected motorways   

Motorway 
Realized growth rate 

2018/2007 

and – average annual growth 

rate in the period 2007-2018 

A1 25,04943 2,05% 

A2 -6,49885 -0,61% 

A3 13,95333 1,19% 

A4 27,69082 2,25% 

A5 45,03643 3,44% 

A6 28,46953 2,30% 

A7 166,6005 9,32% 

Total 31,95397 2,55% 

 

Based on the data from Table 4 it is evident that the negative growth of average 

annual daily traffic was recorded only on the motorway A2. The biggest growth rate 

was recorded on the motorway A7 that represents the extension of Rijeka bypass as 

one of the most congested roads in the Republic of Croatia. 

Based on the calculated average annual growth rates and by applying the formula 

(2), the average annual daily traffic on selected Croatian motorways for the years 2025 

and 2030 was estimated  (cf. Table 5). 

 

Table 5. Estimation of average annual traffic on selected Croatian motorways   

Motorway X2018 1+i 2025 2030 

A1 15.810 1,02053 18227 20176 

A2 13.409 0,99391 12848 12461 

A3 17.093 1,011945 18574 19711 

A4 9.218 1,022471 10769 12035 

A5 3.185 1,034379 4035 4778 

A6 14.228 1,023036 16687 18700 

A7 18.798 1,093238 35084 54788 

Total 91.741 1,025528 109445 124146 

 

According to estimations produced, the motorway A7, which so far has been 

constructed only from Rijeka to Križišće, will record the biggest annual daily traffic 

in the year   2030 and the motorway A5 counting only 4778 vehicles will record the 

smallest average annual daily traffic. The average annual daily traffic on the 

motorway A5 will still be insufficient i.e. possibilities of this motorway will stay 

unused. The average annual daily traffic on the motorway A2 will show a slight 
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decrease in the following period. The total average annual daily traffic could be 

increased by 35.35 %.  

 

 

5. CONCLUSION 

 

On the basis of the results obtained in this paper a conclusion can be drawn that 

the traffic on Croatian motorways, measured by average annual daily traffic, will 

show a growth trend. The total average annual daily traffic on observed seven 

motorways could be increased from 91 741 to 124 146 or by 32 405. In order to 

increase traffic demand significantly it is necessary to finish the motorway network 

in the Republic of Croatia but also the motorway network in its surroundings in order 

to use the current potentials of the Croatian motorway network as much as possible.     

Specifically, in the following period traffic on certain motorways could continue to 

be under the profitability rate.  The main deficiency of this paper is that it doesn’t take 

into consideration traffic demand factors such as the number and structure of 

population, income amount, material production and consumption, geographical and 

traffic position of the country as it rests only on secondary data on traffic demand 

trends in the past.    In future researches, the emphasis should be placed on identifying 

basic factors that will form future traffic demand on Croatian motorways and putting 

these factors into the context of future traffic requirements.  
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Abstract  

 

In this paper we study the relationships between the age of the road 

transportation companies registered in Poland in a period between 2013 and 2017 and 

their performance. The sample for this study is obtained from Emerging Markets 

Information Service and comprise 8,723 observations relating to 2,367 road 

transportation companies. We chose the growth of sales and the profitability ratios, 

namely return on equity (ROE) and return on assets (ROA) as proxies for the 

performance of studied companies. We employ in our research Kendall tau-b and 

Spearman rho coefficients. The obtained empirical results indicate a negative and 

statistically significant relationships between the age of studied companies and their 

growth of sales and the profitability. For business practitioners it means that younger 

road transportation companies outperform their older peers, in terms of both: the 

growth of sales and the profitability. Very low p-values confirm our results are robust. 

The paper ends with managerial implication and advantages following from the 

applied analysis, limitations of the study and indications for further research. 

 

Key words: age, performance, growth, profitability, road transportation 

 

 

1. INTRODUCTION  

 

Yet, there is no consensus among researchers on the influence of age on the 

performance of the companies. Some scholars claim innovations are the attribute of 

young companies and start-ups and due to that young companies should outperform 

their older peers (Colombo & Grilli, 2005; Navaretti et al., 2014). At the same time, 

the other scholars postulate the older companies have better access to resources, better 

reputation and more experience, hence should outperform younger companies 

(Megaravalli & Sampagnaro, 2018; Curran et al.,1993; Yazdanfar, 2013). These, 

inconsistent results on the influence of age on the performance of the companies 

mailto:a.krzyszkowski@uthrad.pl
mailto:piotr.korneta@pw.edu.pl
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presented by various scholars indicate further research is required. We consider, at 

this stage, the scope of the studies should be narrowed to specific countries and 

markets, so next, once considerable number of papers are published, general 

conclusions can be obtain. Given above, the objective of this paper is to study the 

relationship between the age and the performance of the road transportation 

companies registered in Poland. 

We chose transportation industry to our study, since the transportation plays a 

considerable role in any economy and because, we consider this industry yet has not 

been sufficiently studied. We chose Poland to our study, which is because road 

transportation companies registered in Poland carry around 25% of all road carriages 

within European Union territory, hence, are significant from EU perspective (PWC, 

2016).  

The research methodology of this study uses Kendall tau-b and Spearman rho 

coefficients to determine the significance of the correlations between studied 

relationships. The sample used in this paper comprise 8,723 observations relating to 

2,367 road transportation companies registered in Poland, with many of them being 

subsidies of large multinationals, including, for instance DHL or Raben. The data for 

this study comes from Emerging Markets Information Service (EMIS). In this study 

we employ growth of sales and profitability as proxies for the performance. This is 

mostly because, the majority of the company’s objectives include either growth or 

profitability, or both of them. Additionally such approach toward measurement of the 

company’s performance, enables us to measure both, the long term and the short term 

objectives of the companies, making the results of the study universal. 

The reminder of this paper is organized as follows: in Section 2 we review the 

literature relating to the relationships between the age of the firms and their 

performance. In Section 3 the sample for the study and our methodological approach 

is being provided. In Section 4 we present results obtained from empirical study. In 

the final, Section 5, we provide a discussion, conclusions, managerial implications, 

limitations of the study and some indications for further research. 

The contribution of this study to the extant literature is by empirically 

investigating the relationships between the age of the road transportation companies 

registered in Poland and their growth and profitability. 

 

 

2. LITERATURE REVIEW 
 

Due to the importance attached to growth and profitability by scholars and 

decision makers, the literature of their determinants, despite being already vast, 

continues to develop. In general, the determinants of growth and profitability can be 

divided into external and internal. It is widely assumed, the companies have no control 

over external determinants of performance, which result from environments and affect 

the whole industries, rather than individual organizations. Among, the external 

determinants of the performance, inter alia, are: market share, gross domestic product, 

customer behaviors and competitors (Dawkins et al. 2007, Raymond et al., 2010; 

Bowman & Helfat, 2001; McGahan & Porter 1997; McGahan & Porter, 2002). 
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Internal determinants of the company’s performance result either from the 

company itself, or from the management decisions. Some of these determinants can 

be controlled by companies, for example: expenditure on promotions or the assets 

held by the company, whereas some cannot, as they are independent from the 

management and include, for instance, the shareholding of the company or its legal 

form. Among, already studied internal determinants of performance, inter alia, are: 

the spending on research and development (Tyagi & Nauriyal, 2017), the size of the 

company (Krzyszkowski & Korneta 2019), the indebtedness of the company (Jordan 

et al., 1998; Hall et al., 2000), the optimization of the costs (Domańska 2016), the 

efficiency of the company and its processes (Yazdanfar, 2013), the working capital 

management (Al-Debi’e, 2011, Bagchi et al., 2012;), the profitability of the company 

(Korneta, 2018, Korneta 2019), internationalization (Mazur & Zaborek, 2013), the 

shareholding of the company (Abu‐ Tapanjeh, 2006) and the age. 

The results presented by various scholars on the relationship between the firms 

performance and their age are at least not consistent, or even contradictory. The 

majority of researchers postulates the firm performance is negatively correlated with 

its age, with many of them presenting empirical evidence (Colombo & Grilli 2005; 

Westhead & Storey 1996; Evans 1987). This phenomena is frequently explained that 

younger companies and especially start-ups create breakthrough inventions, while 

mature incumbent organizations have less frequently such discoveries (Navaretti et 

al. 2014; Anton 2018). This concept, despite being intuitively right, has been, 

however, already question be several researchers, who postulate that older 

organizations can overcome the lack of breakthrough inventions, through branching 

into new domains and by recombining the new with the old knowledge (Dushnitsky 

& Lenox, 2005; Phene et al. 2006). 

Not all of the scholars claim the relationship between the firms age and their 

growth and the profitability are negative (Davidsson & Wiklund, 2001; Dahlstrand & 

Stevenson, 2010; Das 1995; Megaravalli & Sampagnaro, 2018). According to Cooley 

and Quadrini (2004) and Bottazzi et al. (2011), for instance, younger organizations 

obtain less long-term bank financing and have lower levels of shareholding capital. 

Hence, they rely primarily on internal cash flows and so they face higher financial 

constraints, which results in lower growth and profitability rates. Other scholars 

(Ahuja & Majumdar, 1998, Stinchcombe, 1965; Curran et al.,1993) postulate better 

performance of younger companies is a result of lower bureaucratization, as compared 

with the older ones, while others (Stinchcombe, 1965; Curran et al.,1993; Yazdanfar, 

2013) state the older companies are more experienced, have better access to resources, 

have more information, enjoy learning benefits, are not prone to the liabilities of 

newness, have better reputation, greater access to business networks and financial 

institutions and, therefore, should outperform their younger peers. 

Lack of consensus among scholars, in the literature, on the nature of relations 

between the age and the performance of the companies, confirmed our assumption 

that the study is fully justified, while our results, should add to the body of literature, 

by providing the empirical evidence from the Poland. 

 

 

 



The age and the performance of Polish road transportation companies 
Andrzej Krzyszkowski and Piotr Korneta 

  

102 

 

3. METHODOLOGY 
 

Our sample, used in this paper, comprises 8,723 observations relating to 2,367 

road transportation companies registered in Poland in a 5-years period commencing 

in 2013 and ending in 2017. Aforementioned 8,723 observations have been obtained 

from Emerging Markets Information Service (EMIS). Quantities obtained from 

financial statements many times proven to be beneficial to both scholars and decision 

makers. These information allow for competitors evaluation, provide information to 

creditors and suppliers, support forecasting process (Ross, 2008), are used as 

bankruptcy predictors (Altman, 1968), to evaluate performance of companies 

(Gjesdal, 2007; Kumar & Ravi, 2007) or to study the impact of contemplated factors 

on the performance of companies (Xiping, 2014). Because financial statements of 

studied companies for each of the studied periods have not been provided in EMIS 

database, the number of observations in our study is reduced and totals 8,723, instead 

of 11,835 (i.e. 5 years * 2,367 companies). In case of the growth of sales variable, the 

number of observations decreased further to 5,310, as its calculation requires figures 

for two consecutive periods. In Table 1 we provide variables used in our study 

together with the description of their calculations and their acronyms. 

 

Table 1. Variables used in the study 
Variable Acronym Description Number of 

observations 
Age AGE Year of the study less year of the company’s 

incorporation 

8,723 

Growth of sales GRS The difference of year sales and prior year sales 5,310 

Profitability 1 ROE Ratio of net result to equity 8,723 

Profitability 2 ROA Ratio of net result to total of assets 8,723 

Source: own elaboration 

 

The independent variable, in this study is the age. Age variable is usually 

calculated as the number of years a firm has been active in the business since its 

incorporation (Megaravalli & Sampagnaro, 2018). In this paper age is being 

calculated in this way. In the literature, several scholars process age variable with 

natural logarithms (Anton, 2018). We do not consider it relevant for our study, as 

would have no influence of statistical tests employed. 

The first, of our dependent variables is growth. According to Achtenhagen et al. 

(2010) around 50% of scholars use sales revenues to measure the growth of firms and 

around 30% the number of employees. Among other measures employed in the 

literature are: total of assets, market share, earnings, value added, or the number of 

customers (Furlan et al., 2014). In our study we employed sales revenue, which is a 

good proxy of commercial success of the company and because, according to Mitchell 

(1994) sales revenues are significantly correlated with other growth measures. 

The second, of studied dependent variables is profitability. Although the 

profitability can be measured on many ways, the scholars, most frequently employ 

return on assets (ROA), return on equity (ROE) (Lam & Lee, 2012; Baah-Acquah et 
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al., 2017; Tyagi & Nauriyal, 2017, Korneta, 2019). In this paper both of stated 

profitability measures have been used. 

Once the variables have been selected to the study, we analyzed their descriptive 

statistics.  

Next, we tested if studied variable present a normal distribution. This has been 

done, because, normality assumption is a key assumption in the vast majority of 

statistical test of significance, including frequently used Pearson correlation. Since, 

upon different situations one normality test can be superior to another, we employed 

in this study 4 different normality tests, namely: (1) Doornik-Hansen, (2) Shapiro-

Wilk, (3) Lilliefors and (4) Jarque-Bera. All of these test have the same null 

hypothesis, which is the normal distribution of the data [Siddiqi, 2014, pp. 290-291]. 

In the next step of the study we calculated the Spearman rho and the Kendall tau-

b coefficients. These statistics are non-parametric rank correlation measures, 

employed in many studies to measure the ordinal associations between the studied 

variables. None of these tests requires normality assumption to be met (Bonett & 

Wright, 2000; Corder & Foreman, 2014). 

 

 

4. RESULTS 
 

Table 2 contains a descriptive statistic of studied variables. The age of all studied 

companies is below 39. This is because Polish economy shifted in the beginning of 

1990’s from socialism into capitalism. Despite, the oldest company is 39, the median 

value of age variable of 11 indicates studied companies are relatively young, even 

ignoring the stated conversion of Polish economy. High value of kurtosis (1625.08) 

and very low median of 0.053 indicates the vast majority of studied firms grew around 

this value. The ROE median of 0.176 and its mean value of 0.291, together with 

standard deviation of 8.368 confirm the studied industry is highly profitable. Very 

high value of kurtosis of 7119.4 states the majority of ROE values are close to its 

mean value. Descriptive statistics of ROA ratio confirm considerable profitability of 

the industry. 

 

Table 2. Descriptive statistics  
Variable Mean SD Median Min Max Skewness Kurtosis 

AGE 9.731 4.823 11 1 39 0.441 1,153 

GRS 1.089 23.034 0.053 -1 1067 38.33 1625.08 

ROE 0,291 8.368 0.176 -122.00 743.0 79.458 7119.4 

ROA 0.081 1.111 0.055 -61 37 -19.61 2098.15 

Source: Author’s compilation  

 

In table 3 we present the results of 4 selected normality tests for all 3 studied 

variables. Based on the figures presented in table 3 it is apparent that the variables 

have no normal distributions, i.e. none of the variables have p-value greater than 0.05. 

Hence, the null hypothesis of these tests stating that the data are normally distributed 

must be rejected. 
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Table 3. Tests of normal distribution 

Test   

/variable 

Doornik-

Hansen 

Shapiro-Wilk Lilliefors Jarque-

Bera 

AGE 212.1 0.934 0.115 466.73 

P <0.0001 <0.0001 <0.0001 <0.0001 

GRS 4.534e+006 0.022 0.464 5.856e+008 

p <0.0001 <0.0001 <0.0001 <0.0001 

ROE 2.969e+007 0.026 0.426 1.843e+010 

p <0.0001 <0.0001 <0.0001 <0.0001 

ROA 301892 0.056 0.394 9.741e+008 

p <0.0001 <0.0001 <0.0001 <0.0001 

Source: Author’s own compilation  

 

Based on the results of normality test provided in the Table 4 we decided to 

continue the research with the Speraman’s Coefficient of Rank and Kendall tau-b 

coefficient. Table 4 provides results of our calculations relating to relationships 

between the age of the companies (AGE variable) and selected to the study 

independent variables, namely: the growth of sales (GRS), and 2 profitability ratios: 

ROE and ROA.  

 

Table 4. Results of statistical tests of relations between age of the company and 

studied variables. p-values are one side values. 
 Spearman Kendall 

 coefficient p Tau-B p 

GRS -18.702 <0.0001 -0.174 <0.0001 

ROE -21.297 <0.0001 -0.154 <0.0001 

ROA -2.766 0.0028 -0.021 0.0029 

Source: Author’s own compilation  

 

The value of Spearman rho and Kendall tau-B coefficients for studied 

relationship between AGE and GRS variables are negative and considerable. Very 

low p values indicate the obtained results are statistically significant. The relationship 

between the age of the company and its growth, measured with sales is therefore 

negative. Spearman rho and Kendall tau-B coefficients for profitability variables are 

also negative, while low p-values confirm the results are statistically significant. 

Studied relationships between the age and the profitability variables are significantly 

stronger for ROE than ROA, which is expressed by both the coefficients and p-values. 

 

 

5. DISCUSSION AND CONCLUSIONS 

 

The objective of our study is to analyse the relationships between the age of road 

transportation companies registered in Poland and their performance. We measure the 

firm performance with the growth of sales and 2 profitability ratios, namely: return on 

equity (ROE) and return on assets (ROA). The sample for this study comprise 8,723 

observations relating to 2,367 road transportation companies registered in Poland in a 
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5-years period between 2013 and 2017. We employed in this study the Spearman rho 

and the Kendall tau-B coefficients, to quantify the strength of studied relationships. 

Our findings identified negative relationships between the age of studied 

companies and their performance. Our results identified that the age of road 

transportation companies registered in Poland is negatively related with the growth of 

sales. The Spearman rho and The Kendall tau-b coefficients amounted to -18.702 and 

-0.174 respectively. For business practitioners this means that young road 

transportation companies grow faster than the older ones. In this study we identified 

the negative relationship between the age of road transportation companies registered 

in Poland and their profitability. The studied relationship was stronger when 

profitability was measured with ROE (return on equity), than ROA (return on assets). 

The Spearman rho and The Kendall tau-b coefficients for ROE amounted to -21.297 

and -0.154 respectively. The Spearman rho and The Kendall tau-b coefficients for 

ROA, are significantly lower than those, obtained for ROE and amounted to -2.766 

and -0.021 respectively. Very low p-values indicate that our results are robust. The 

findings of our study are aligned to results obtained by Evans (1987), Glancey (1998), 

Colombo and Grilli (2005), Westhead and Storey (1996), Navaretti et al. 2014 and 

Anton (2018) for other industries and other countries.  

Since the findings of various scholars on the relationship between the age of the 

companies and their performance, presented in the literature, are at least inconsistent 

or even contradictory, the contribution of this study to the literature is by providing 

the empirical evidence from Poland for road transportation industry. Since the studied 

companies poses the largest fleet in European Union, in which they hold a market 

share of around 17.5% of all road carriages, the results presented in this paper might 

also be relevant for the European Union market. Moreover, given inconsistent results 

obtained by other scholars, might result from the fact, the influence of age on the 

performance of the companies is not uniform for different countries or industries, this 

paper adds to the literature, which collectively can be analysed, so more general 

conclusion are obtained. 

The following group of stakeholders who might be interested in presented results 

are finance providers. This group comprise banks, insurance companies, shareholders, 

bondholders, suppliers and others. These stakeholders, based on information obtained 

from publicly available financial statements can compare the results of the companies 

they consider whether to invest or not with recommended in this paper value ranges, 

and so assessing the growth and profitability potential of the companies. 

This study, has however, several limitations that should be recognized. Firstly, 

we shall note, this study is based only on one industry. As a result, our findings might 

not be generalizable for other industries. Secondly, we selected the growth of sales 

and the profitability as proxies for performance. Although these proxies are well 

suited for the vast majority of private companies, there are some organizations, 

primarily non for profit ones, which have different objectives. The findings of this 

study are not suitable for these organizations. Finally, we would note, that the period 

of the study is relatively short and does not include the time of the recession. 

Performance of the companies and their undertaken strategies tend to change 

considerably in the stated periods. 
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The aforementioned limitations of the study are a good indication for further 

research. Empirical studies of the relationships between the age and the performance 

of the road transportation companies in other than Poland countries could be very 

interesting and could confirm if our findings are relevant globally for road 

transportation industry. The studies of the age influence on the performance of the 

companies in the times of recession could also be interesting, from the perspective of 

both researchers and decision makers. 
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Abstract 

 

Logistics firms do not have all resources needed to carry out their activities. 

Resource scarcity is particularly conspicuous in the case of means of transport, and 

increasingly in warehouses or reloading facilities. The logistics services are therefore 

delivered by many interdependent firms that co-ordinate their work with sub-

contractors in a multi-level complex structure. Logistics service providers collaborate 

with direct or indirect suppliers, but also customers and in some cases competitors. A 

complex picture of multiple relationships emerges, forming a network of co-operating 

firms. Managers can use of network relationships to mobilize other organizations’ 

resources in order to improve performance. Their attitude directed at seizing 

opportunities embedded in inter-organizational networks is called network 

orientation. 

The purpose of this paper is to develop a conceptual model of network 

orientation. We synthesize and operationalize theoretical constructs relative to 

network orientation, and explain how competitive advantage of logistics enterprises 

can be created through networks. 

To our best knowledge this study is first to explain the mechanism of competitive 

advantage formation in logistics enterprises using network orientation. We propose a 

structured composition of the network orientation concept and contribute to further 

develop logistics industry research and practice by providing a reflective analysis, 

inspiration and guidance. 

 

Key words: network orientation, logistics service industry, competitive advantage 
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1. INTRODUCTION 

 

Logistics is undoubtedly an important area of activity for a present-day 

enterprise. Apart from supporting the processes of planning, organizing and 

monitoring the flow of goods and information about them, it fulfills the function of 

integrating separate business entities. Growing customers’ expectations and 

associated trends in serving increase the complexity and difficulty of logistics 

processes. This is particularly noticeable when enterprises produce and sell their 

products in different places in the world. Most of them do not have all necessary 

resources and competences to individually carry out comprehensive logistic services 

for customers. Therefore, more and more frequently, managers use external entities 

specializing in logistics (Liu et al., 2015). These entities form the logistics services 

industry. 

Years ago the tasks of logistics firms mainly came down to providing simple 

services consisting in transporting things from one place to another and in storing 

them (Bardi & Tracey, 1991). With time, the scope of their competences has widened 

and begun to include additional actions, often beyond the original domain of logistics. 

Examples include: product assembly at the customer’s premises; cash-on-delivery 

services; refreshing, repairing or even disposing of products; issuing sales documents 

on behalf of the consignor; handling returned goods. The relationships between 

logistics service providers (LSP) and the ordering entity have also changed (Gadde & 

Hulthén, 2009). More and more often the former fulfill an essential function in the 

management of goods flows not only within one organization, but primarily in supply 

chains. They plan, carry out and control the logistic processes of various types of 

goods which are relocated within a region, country, continent or even the whole world.  

Logistics firms, however, do not always have resources necessary to carry out 

all the services offered. This resource scarcity is particularly conspicuous in the case 

of means of transport, but also, increasingly, warehouses or reloading facilities. The 

reasons are twofold. Firstly, providing comprehensive logistics services requires a 

well-developed logistic infrastructure, time-consuming and capital-intensive to 

gather. Secondly, excessive tangible resources ownership is connected with a risk of 

overcapacity, especially when demand is volatile. To carry out increasingly extensive 

logistic tasks, operators often turn to other firms and co-operate with yet others, 

usually smaller, logistic firms. The logistics services industry is, then, characterized 

by a multi-level structure. It is based on co-ordination of the work of sub-contractors 

who participate in creating complex logistics services. The first level mainly includes 

logistics enterprises which integrate the activity of the second-level companies, 

specializing in a certain area of activity such as forwarding services, transport of 

selected goods, services provided in some regions etc. The last ones, in turn, co-

operate with the third-level suppliers – smaller companies that perform specific 

logistic tasks with the use of their own resources. These include, for instance, local 

carriers, customs agencies and warehouse owners (Schary & Skjott-Larsen, 2002). 

Collaboration between firms may be both formal that is based on contracts, and 

informal that is based on social relationships. Moreover, collaboration involves not 

only direct or indirect suppliers, but also customers and, in some cases, competitors 

(Raue & Wieland, 2015). In some circumstances it may be long-term and have 
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mutually complementary goals. This type of relations demonstrates the nature of inter-

organizational collaboration, that is durability. A complex picture of multiple relations 

emerges, then, which set into a network composed of separate and co-operating 

organizations. These networks are described as inter-organizational networks and take 

the form of organizational and institutional structures, such as alliances (Gulati et al., 

2000), joint ventures (Möller & Törrönen, 2003), clusters (Rivera et al., 2016), but 

may also have a less formal character (Halinen & Salmi 2001). They often go beyond 

contracts and embrace the social bonds essential for enterprises (Granovetter, 1985). 

Networks understood in this way dare ubiquitous in the economy, and their 

importance constantly increases (Panda, 2014). 

Inter-organizational networks are a source of multiple opportunities for 

enterprises. Collaboration in networks becomes particularly important for smaller 

enterprises, which raise their potential by combining forces. Thanks to that, they can 

compete with larger firms, on global markets and win new customers. Many studies 

indicate that inter-organizational networks contribute to achieving a competitive 

advantage (Dyer & Singh 1998; Ritter et al., 2004; Word, 2009). The literature 

provides examples of industries in which networks are the source of success of 

enterprises:  the clothing industry (Uzzi, 1996), the furniture production (Dyer & 

Singh, 1998), the software industry (Kulmala & Uusi‐Rauva, 2005). However, few 

studies address inter-organizational networks in the logistics services industry 

(Selviaridis & Spring, 2007). It is particularly noticeable that there is a lack of 

scientific studies on the co-operation between logistics enterprises and other entities 

in the network and its influence on the competitive advantage. Despite a long standing 

recognition of network relationships importance for the logistics services industry 

(Pfohl & Buse, 2000), most studies still focus on logistics outsourcing, purchasing 

and marketing logistics services, growth strategies, and, at most, analyze bilateral 

relations, i.e. the direct connections of logistics enterprises with the suppliers, 

customers and competitors.  

In order to address this gap we follow network paradigm (Borgatti & Foster, 

2003). Its origin can be found in the network approach, developed by the Industrial 

Marketing and Purchasing Group (IMP). It departs from the fundamental tenet that 

business entities are not isolated. Their course of action and results depend not only 

on themselves, but also on the organizations with which they are directly or indirectly 

related (Håkansson & Snehota, 2006). They become, part of a system in which they 

are influenced by direct and indirect relations with other entities as well as entire 

networks. This influence is connected with the embeddedness of economic activities 

concept in networks of social relationships (Granovetter, 1985). 

Managers who are aware of this influence can use network relations, and other 

organizations’ resources in order to achieve, sustain or increase their competitive 

advantage. We call this attitude directed at taking the opportunities embedded in inter-

organizational networks as network orientation. Network orientation is connected 

with perceptions, choices and behavioral patterns of managers, directed at a specific, 

objectively existing phenomenon of embeddedness in a network. This concept that 

has been given in-depth attention in the literature, a conceptual gap that we address in 

our study. 
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Management literature claims that network orientation may have a positive 

effects on firms. For example, Thornton (2011) builds a conceptual model which 

assumes the existence of a correlation between network orientation and firm 

performance, but does not offer empirical evidence. Other publications also lack 

empirical grounds of the relationship between network orientation and competitive 

advantage, particularly in inter-organizational networks of the logistics service 

industry. Therefore, in addition to a conceptual gap, and empirical gap emerges 

regarding the role of network orientation in firm-level outcome variables. This may 

be connected to a deficit of studies that would operationalize the concept of network 

orientation, adding a methodological gap to our current understanding of the role of 

network orientation. As a result, managerial recommendations relative to how to 

develop, use or modify firms network orientation are missing (Czakon & Kawa, 

2018), undermining the relevance of the concept. In this study we aim at filling two 

gaps the conceptual and methodological. We develop a model of network orientation 

directed at achieving a competitive advantage by LSPs. We conceptualize and 

operationalize the theoretical constructs concerning network orientation, and explain 

how competitive advantage of logistics enterprises can be created through networks. 

 

 

2. NETWORK ORIENTATION 

 

Orientation is usually associated with an ability to find oneself in a specific 

location, to be familiar with a situation, or with specific views on a topic. It also means 

a certain attitude, faith in a given issue, feelings, preferences, belief, understanding 

and interpretation of the situation (Cambridge Dictionary, 2020). The term 

“orientation” is very broad. 

Management literature is rich in various concepts, tools and theories that 

researchers and managers can use for different purposes. They often reflect specific 

beliefs, preferences or habits in using a given instrument of or approach to 

management. It is said then that managers are oriented towards something. Although 

orientation relates to the definition of attitudes (most often difficult to observe), it is 

manifested in behaviours that we see in many areas of economic life (Thornton, 2011).  

Network orientation is explained most generally by Andersson and Mattsson 

(2010), as an approach concerning the perception and understanding of the market 

environment by the actors of a network. The IMP Group combines the concept of 

network orientation with the network horizon and the network theory. The network 

horizon determines the extent of a participant's perception of the network. It depends 

on their experience and the structural characteristics of the network (Anderson et al., 

1994). The network theory, in turn, points to regular persuasion about company 

dependence on networks and the endogenous and exogenous effects of networks. In a 

different take, Thornton (2011) proposes to consider network orientation as a set of 

strategic actions used by a company to react in a network of direct and indirect links 

in order to effectively and efficiently mobilize and use internal and external resources. 

In this study network orientation is understood as an approach aimed at exploiting the 

opportunities offered by the embeddedness of a company in an inter-organizational 

network in order to achieve superior performance (Czakon et al., 2019). 
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Network orientation is a construct that cannot by directly observed. It may, 

however, be decomposed into distinctive dimensions. Based on a literature analysis 

we posit that network orientation is composed of: structural network embeddedness, 

interaction of indirect relations, interdependence of the enterprise and the network, 

resources sharing, exchange within the network. We build on prior work to link a 

measurement scale (Czakon et al., 2019) to mediating and outcome variables in a 

rigorous conceptual model. 

 

 

3. RESEARCH HYPOTHESES AND CONCEPTUAL MODEL 

 

We follow an abductive approach, and start with literature-driven hypotheses 

(Queiroz & Merrell, 2005): (h1) the network orientation has a positive influence on 

the resource advantage of LSPs; in turn, (h2) the resource advantage positively 

influences the performance firms. Given the dimensions developed for the network 

orientation construct we develop six hypotheses, as an extension of prior work on 

network orientation measurement scale (Czakon et al., 2019). 

The resource advantage concept is core in the resource-based view (RBV) of the 

firm (Barney, 1991). Resources are tangible and intangible items owned, or controlled 

by a firm, that can be converted into final products or services (Okpara, 2015). Some 

resources lead to a sustainable competitive advantage, provided that they meet 

following conditions: (1) they are strategically valuable due to their ability to add 

financial value to firms; (2) they are characterized by rareness because only some 

enterprises have them; (3) they are inimitable by other firms; and (4) substitutability 

by other resources is ruled out, or limited (Barney, 1991). Examples of such strategic 

resources include: knowledge, relationships, capabilities, organizational processes, 

the firm’s attributes, information, technology, experience, etc. 

 

3.1. Structural network embeddedness 

 

Network relationships form a structure through which exchange of products, 

services, or knowledge among enterprises takes place. Structure can be described by 

such characteristics as strength (Granovetter, 1973), reciprocity (Ring & Van de Ven, 

1994) and proximity (Boschma, 2005). Commitment and trust may emerge from 

interactions among network members, and are connected with the strength of the 

relationship. Cooperation in a project, common planning, supply chain management, 

adaptation to customer needs require reciprocity. According to Ring and Van de Ven 

(1994), reciprocity is a key element in the assessment of relationships, which, in turn, 

is a mechanism for building, verifying, modifying or dissolving relationships. 

Furthermore, the strength of relations is connected with proximity. The concept of 

proximity has many meanings (Boschma, 2005). It is usually associated with short 

physical distance, relatedness or certain common features. In management, proximity 

refers most often to interaction and is related to the similarity of characteristics and 

ownership of an organization. The more proximate are firms to each other, the greater 

the likelihood of successful inter-organizational cooperation. Another structural 

feature of networks is density. It is defined by the number of direct relations to all 
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possible direct relationships between the network entities. A dense network provides 

many benefits. One of them is rapid diffusion of information. It contributes to more 

efficient learning in networks through more distribution channels. As a result, with 

higher network density, knowledge and adaptation of innovation can emerge more 

quickly (Delbufalo, 2015). All in all, relationships in networks characterized by 

proximity, reciprocity and a large number of relationships are expected to have a 

positive impact on the firm’s competitive advantage (Hashai, 2014; Dyer, 1997; Uzzi, 

1997). Therefore, a research hypothesis has been put forward which is as follows: 

H1. The structural network embeddedness has a positive influence on LSPs 

resource advantage. 

 

3.2. Interaction of indirect relations 

 

Network actors can be connected directly to each other, or indirectly through 

several intermediate relationships (Blankenburg, 1995). Direct relationships connect 

firms with actors located in the immediate vicinity, and indirect relationships occur 

between the closest partners of a given firm and other market participants, thus 

requiring some intermediaries. An example of such relationships may be the 

cooperation with a supplier’s supplier or a customer’s customer. Therefore, a 

significant part of the relationships is indirect for the company (Axelsson & 

Håkansson, 2016). 

Direct and indirect relations have a strong impact on logistics firms, as no 

enterprise can operate without other market players. Each organization is more or less 

related to others in its environment (Hakansson & Snehota, 2006). Walter, Ritter and 

Gemunden (2001) point out that firms can indirectly influence others. Similarly, 

indirect relationships have an impact on direct relationships and consequently on any 

firm (Czakon & Kawa, 2018). 

Network researchers emphasize that both direct and indirect network 

relationships can be a source of competitive advantage (Lei & Huang 2014). It has 

particular importance in network strategies in which logistics companies take part 

(Skjoett-Larsen, 2000). Burt’s (2009) finds that filling structural gaps by 

intermediaries can be source of a competitive advantage. The above observations are 

the basis for another research hypothesis: 

H2. The interaction of the indirect relations has a positive influence on LSPs 

resource advantage. 

 

3.3. Interdependence of the enterprise and the network 

 

No firm can be fully independent. The results of its activities depend on others. 

This dependence implies that firms need to maintain a network relationship in order 

to achieve their goals. Referring to the game theory, that models choices in 

interdependent settings, logistics involve a positive and changeable sum game and can 

bring mutual benefits to the participants, although they may not always be equally 

distributed. 

Anderson, Narus and Narayandas discuss balanced interdependence among 

partners (2009), i.e. no dominance by any side. The essence of network cooperation 
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is not a lack of dependence, but mutual interdependence which is relatively 

symmetrical. LSPs may balance their dependence on one another, and their 

commitment, depending on the degree of uncertainty in the environment. Research 

shows that balanced interdependence contributes to the development of the company's 

relations with other network actors, and provides new skills and a source for value 

creation. It is also often referred to as a mechanism generating higher, superior 

revenues (Cova & Salle, 2008). Therefore, the following hypothesis has been 

advanced: 

H3. The interdependence of the firm and its network has a positive influence on 

LSPs resource advantage. 

 

3.4. Resources sharing 

 

Pfeffer and Salancik (1978) established long ago that in order to acquire 

necessary resources a firm has to interact with its environment. In inter-organizational 

network creation firms look for the right combination of resources, i.e. most effective 

and beneficial. It is significant to use the resources skillfully, not just possess them. 

Network resources are involve resource sharing. It has recently gained in importance, 

mainly due to the development of the Internet. The assumption behind it is that access 

is better than ownership. 

Firms that purposefully act in inter-organizational networks can configure and 

exploit their resources more efficiently, which results in gaining a competitive 

advantage (Liu et al., 2015). Thanks to external resources, firms achieve their goals 

such as technology development, market research and new product development. As 

a result, firms make better use of limited own resources, reduce their capital 

expenditure, and thus strengthen their competitive position. This is emphasized by 

Chapman, Soosay and Kandampully (2002), who argue that network logistics 

companies continue to outperform other organizational forms because they own fewer 

assets and use the resources of partner companies, thus requiring less capital and 

achieving higher profitability. The brings the next hypothesis in our model: 

H4. Resources sharing has a positive influence on LSPs resource advantage. 

 

3.5. Exchange within the network 

 

According to the exchange theory participants involved in relationship expect 

reciprocity, by which one is morally obliged to give something in return for something 

received (Ring & Van de Ven, 1992). Some researchers even claim that managers 

engage their organization in the exchange process only when they predict that if they 

do so, their own expectations will be fulfilled (Blois, 2001). 

The basic components of exchange processes include (Axelsson & Wynstra, 

2000): information, material items, and energy. In the logistics services industry, 

material exchange mainly concerns exchange of labour force, means of transport and 

other equipment. Information exchange has recently become increasingly important. 

Logistics firms invest in information technologies that improve collecting, processing, 

analyzing and transferring information about resources and the processes within the 

supply chain. In turn, energy exchange is specific drive for the other two types of 
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exchange. The “chemistry" between managers representing different companies, 

common understanding and mutual exchange of visions and attitudes combined with 

experience from previous relationships play an important role in developing 

cooperation in logistics and thus contribute to achieving a competitive advantage 

(Skjoett-Larsen, 2000). The above conclusions became the basis for the formulation 

of the next research hypothesis: 

H5. Exchange within the network has a positive influence on LSPs resource 

advantage. 

 

3.6. Resource advantage and performance 

 

Managers look for the right combination of resources, by efficiency and benefit 

criteria. It is important to use resources skillfully, not just to own them. Inter-

organizational networks enable firms to acquire resources, including organizational 

knowledge, and to respond flexibly to changing circumstances. Any given firm’s 

resources are different from those of competitors outside the network, which may 

constitute a source of competitive advantage (Barney, 1991). It can be assessed 

whether the development, maintenance and growth of the firm’s resources contribute 

to the competitive advantage and, ultimately, to the firm’s performance (Human and 

Naudé 2009). According to several studies a strong link between strategic resources 

and the LSP’s performance exists (Selviaridis & Spring, 2007; Klaas-Wissing & 

Albers, 2010; Raue & Wieland, 2015). Firm’s performance is influenced by many 

factors. The most frequently cited are: sales volume, profit, number of customers, 

market share, return on investment, productivity (Fynes & Voss, 2002; Homburg et 

al., 2004). 

Competitive advantage can be treated as a mediator between resources and the 

performance achieved by firms. This mediation has been recognized in literature. 

Thanks to its resources and skills, a company can gain a competitive advantage, which 

in turn leads to a stable, above-average income (Newbert, 2007). Therefore our last 

hypothesis is: 

H6. The resource advantage has a positive influence on the performance 

achieved by LSPs embedded in inter-organizational networks. 

The hypothesized relationships are depicted in our model which presumes co-

existence of the constructs and their joint influence in the form of the “network 

orientation” variable on the competitive advantage of the enterprise (fig. 1). 
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Figure 1. Model of network orientation and research hypotheses  

 
 Source: own elaboration 

 

 

4. OPERATIONALIZATION OF NETWORK ORIENTATION VARIABLES 

 

The network orientation – performance model shown in Figure 1 consists of 

seven constructs, reflected by latent variables. Due to a deficit in empirical studies 

both in the field of network orientation of firms and network relations in the logistics 

service industry, the indicators of these variables have yet to be developed. 

Observable indicators, which can be included in survey questionnaires in the form of 

statements, were developed for each of the latent variables. These statements can be 

evaluated by the respondents with the use of a five-point Likert scale (Czakon & 

Kawa, 2018). 

Understanding inter-organizational networks and the processes influencing its 

changes is closely related to understanding the nature of relationships. Relationships 

are the basic element that links actors, resources and activities in the network. That is 

why for the "structural network embeddedness" construct, four indicators were 

proposed, addressing respectively: reciprocity of relations, their strength, proximity 

and number (Delbufalo, 2015; Gnyawali & Madhavan, 2001; Mitręga and Zolkiewski, 

2012; Oerlemans & Meeus, 2005; Ring & Van de Ven, 1994; Wang et al., 2013). 
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Next, we selected six indicators for “interaction of indirect relations” indicators. 

They are related to the strength of the influence of the firms with which the customers 

or suppliers or competitors cooperate in the long term. These activities are, 

respectively: corporate strategy, product quality, product margin, image, 

innovativeness, and costs (Aspara et al., 2013; Burt, 2009; Hatch & Dyer, 2004; 

Skjoett-Larsen, 2000; Walter et al., 2001).  

In line with Håkansson and Snehota (2006) no company is isolated. Therefore 

the next construct in our model is "interdependence of the enterprise and the network". 

Its operation and performance depend on others. The interdependence of the 

enterprise and the network includes: the ability to achieve superior revenues through 

mutual exchange, the use of the network's potential, the influence of the network 

strategy on the company's operations and the influence of the company's strategy on 

the network (Anderson et al, 2009; Ford & Håkansson, 2002). 

Resources are at the central point of not only the network and network approach, 

but also of the logistics services industry. Access to resources is one of the main 

motives for creating or participating in networks. Through networks, companies can 

acquire unavailable resources and reduce the risks associated with investing in their 

development. They can also share their resources with others. Therefore the next 

relevant construct in our model is "resources sharing". It consists of four indicators 

which relate to using or giving access to tangible or intangible resources in inter-

organizational networks (Borgatti & Halgin, 2011; Chapman et al., 2002; Gnyawali 

& Madhavan, 2001; Gulati, 1999; Pfeffer & Salancik, 1978; Ramayah & Omar, 2010). 

The next construct is "exchange within the network", a basic attribute of inter-

organizational relationships. Exchange is particularly important in logistics, where 

there is at least a two-way exchange of information, resources needed for logistics 

processes (e.g. pallet exchange) and products (e.g. return logistics). The selected 

indicators were adopted from studies by Axelsson and Wynstra (2000); Borgatti and 

Halgin (2011); Ramayah, and Omar (2010); Skjoett-Larsen (2000). They refer to 

information, matter and energy exchange, respectively. 

In our network orientation model five exogenous constructs have an impact on 

two endogenous constructs: resource advantage and performance related to the 

competitive advantage of the firm. In the case of "the resource advantage", the most 

suitable indicators were selected (Barney, 1991; Gulati, 1999; Pfeffer & Salancik, 

1978). Intangible resources were taken into account, which can be a source of 

competitive advantage due to their strategic importance, rarity, difficulty in imitation 

and substitutability (Barney, 1991). Therefore, the structure adopted in the 

measurement model includes: knowledge, business organization, management 

methods, experience, brand, relationships. In the measurement scale, the respondents 

can be asked to compare their resources with those of their direct competitors. 

Although such a comparative approach is increasingly being applied in research 

(Fynes & Voss 2002; Homburg et al., 2004). 

The last construct included in the model is "performance" of the firm, as 

measured by: market share, sales revenues, profit, ROI. As in the case of the "resource 

advantage" variable, the respondents should be asked to compare their performance 

with those of their direct competitors in the last financial year, as perceptual indicators 

are found to be useful (Fynes & Voss, 2002; Homburg et al., 2004). 
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5. CONCLUSIONS 

 

Although research into inter-organisational networks and into network 

relationships is well established in the general management literature, it has been 

adopted in logistics only recently. Therefore, we referred the existing research works 

and practices of strategic management to the field of logistics, in particular to the 

logistics service industry. Our study integrates research on inter-organizational 

networks from strategic management with the logistics.  

This study aimed at developing a model of network orientation. We have 

identified, conceptualized and operationalized five theoretical constructs concerning 

network orientation (structural network embeddedness, interaction of indirect 

relations, interdependence of the enterprise and the network, resources sharing, 

exchange within the network) and explained how competitive advantage of logistics 

enterprises can be created through networks. 

We suggest that firms should develop competences of networking and 

management in networks. The contribution of our study resides in providing new 

insights into network relationships in the logistics services industry, helping managers 

to perform better in networked environments. Making managers aware of the 

importance of network orientation may contribute to boosting the network's advantage 

and thus their performance. This is particularly important for smaller companies, 

which would compete more effectively in foreign markets by joining forces with other 

players. 

The limitation of this study refers to simplified modelling, which reduces the 

complexity of various interdependencies within networks. In our model we single out 

relevant components. The relationships between these elements have been presented 

in the form of hypotheses. We give a clear picture to explain the mechanisms and 

structure of the network orientation. However, variables are not directly observable. 

Indicators and measurement scales need to be developed. We encourage further 

research on the development of the variable measurement reflecting the network 

orientation. 
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Abstract 

 

Records of search queries can often be exported from scientific databases, most 

of them contain the record of citations, as well. However, it is ineffective to register 

the citation relationships among publications manually, so the reader might lean on 

the number of citations when looking for leading publications. One can be interested 

in trend-setting publications or the primary columns of the discipline in terms of 

publications. Beneath the conventional literature reviews, helpful solutions are 

available to assist the reader in similar questions. Network visualizations in 

bibliographic analyses have long-established practices, offering appealing tools to 

visualize complex connection systems constituted by different bibliometric couplings. 

The current paper investigates the direct citation network of a sample drawn from the 

Web of Science scientific database in the relation of a particular research field 

concerning road induced vibrations from a packaging testing perspective. The sample 

consists of 46 publications embracing 28 years as of date. Core publications are 

identified first, supplemented by qualitative contextual reviews, followed by main 

path analysis. The assays attempt to estimate the main research topics of the 

investigated discipline by the given sample. 

 

Key words: Direct citation network, Timeline-based network, Main path analysis, 

Road vehicle vibration, Packaging vibration testing 

 

 

1. INTRODUCTION 

 

The aim of the current paper is twofold. Firstly, new methods of literature 

screening processes are introduced in the form of timeline-based network analysis of 

bibliographic samples regardless of the topic investigated. For demonstration 

purposes, an individual sample had been drawn related to packaging vibration testing. 

The qualitative introduction of core publications and the highlights of underlying 

approaches from several periods of the discipline are presented. The set of 

publications is further synthesized via main path analysis, a tool to estimate the 

backbone of a bibliographic sample. For the current paper, individual selection of 

publications is not utilized; instead, the results from a search query are analyzed. 

mailto:hari.laszlo@sze.hu
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Therefore, it offers a new kind of estimate regarding state-of-the-art of the discipline. 

Other reviews from within the sample have worked with a higher number of 

publications. 

Goods forwarded by road vehicles are subjected to road induced vibrations. The 

packaging is applied to those goods to withstand the dynamic loads during 

transportation. The vibration testing of units, pallets, or other devices under testing 

(DUT) is a common procedure for packaging testing purposes. A widely used measure 

to assess the vibration circumstances is the Power Spectral Density (PSD), which can 

be obtained by the measurement and analysis of road vehicle vibrations (RVV). By 

shaker testing, a Gaussian signal can be generated from the PSD, but real-world RVV 

tends to have a non-Gaussian and non-stationary nature over time. Addressing this 

limitation, different simulation methods evolved, which often encompass unique 

techniques for the segmentation of RVVs. 

The analysis of bibliometric networks gained increasing attention since the early 

days (van Eck & Waltman, 2014b), and graph illustrations offer appealing solutions 

for the description and illustration of such systems. Network visualizations are 

frequent modeling techniques of real-world phenomena or abstract concepts in 

different fields of interest, such as social sciences, bioinformatics, or the semantic 

web, just to name a few. As the number of publications increases, they are 

continuously broadening the state-of-the-art, and more complex bibliometric systems 

can be obtained needing advanced visualization techniques.  

Commonly studied bibliometric relations are co-authorship, co-occurrence-, and 

citation relations. The latter can be further divided into direct citation -, co-citation-, 

and bibliographic coupling relations (van Eck & Waltman, 2014a). Co-authorship 

relations are links among researchers, research institutions, or countries based on the 

number of jointly authored publications. Keyword co-occurrence is based on the 

number of documents in which both keywords occur together either in title, abstract, 

or keyword fields. Two publications are co-cited if there is a third publication that 

cites both publications (van Eck & Waltman, 2014b), which might be interpreted 

between publications, researchers, or journals. On the contrary to co-citation, two 

publications are bibliographically coupled if there is a third publication that is cited 

by both publications (ibid) simply speaking, bibliographic coupling describes the 

overlap in the reference lists of publications. Direct citation, where articles are linked 

if one references another, only considers links from within the set (Boyack & Klavans, 

2010). 

Different methods are available for visualizing bibliographic networks; three of 

them are highlighted in (van Eck & Waltman, 2014b). In a distance-based approach, 

the distance between two nodes approximately indicates the relatedness of the nodes. 

In the graph-based procedures, the displayed edges indicate the relatedness of nodes. 

Timeline-based methods make use of publication dates using a dimension 

representing time, another dimension representing relatedness. In the timeline-based 

visualization of CitNetExplorer (van Eck & Waltman, 2014a), the vertical dimension 

is used to represent time, and the horizontal dimension indicates the relatedness of 

publications. Beneath the direct citation relations, different types of indirect citation 

relations (e.g. co-citation and bibliographic coupling relations) are also considered by 

the horizontal positioning. (van Eck & Waltman, 2014b) 
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Another method of citation analysis was proposed by Hummon & Dereian 

(1989), which technique also explicitly focuses on the flow of time, and it is called 

main path analysis (Nooy et al., 2005). Pajek (Batagelj & Mrvar, 2020) software 

offers network analysis methods providing graph-based visualization, and clustering 

and main path analysis are also available for bibliometric network analysis (van Eck 

& Waltman, 2014b). Nooy et al. (2005, p.245) explain the idea, that if knowledge 

flows through citations, a citation that is needed in paths between many articles is 

more crucial than a citation that is hardly needed for linking articles. The main path 

analysis calculates the extent to which a particular citation or article is needed for 

linking articles, which is called the traversal count or traversal weight of a citation or 

article (ibid) to find the backbone of a research discipline. 

 

 

2. METHODS  

 

A sample consisting of 46 documents is drawn from the Web of Science 

(Clarivate Analytics ©, 2020) scientific database among the Core collection on March 

15th, 2020, with the term-constellation: 

 

“ packag* AND vibration AND road AND ( simulat* OR test* )” 

 

applied among the topic field. The resulted list of publications is exported in .txt 

format, with the full record and cited references metadata. The CitNetExplorer (1.0.0) 

is used for direct citation analysis, which can use either external1 or internal citation 

scores. Internal citation scores -used herein- indicate the number of citations of a 

publication within the citation network being analyzed, the initial results are presented 

in Fig 1.a). 26 records were identified as core publications by CitNetExplorer, and 

those are drilled down in Fig. 1.b). Only stand-alone nodes are not considered as core 

publications in this context. A core publication is a publication that has at least a 

certain minimum number of citation relations with other core publications, where the 

identification of core publications is based on the idea of k-cores (van Eck & 

Waltman, 2014b). In the current article, the minimum number of citation relations is 

set to one, resulted in 26 core publications. Reviews presented in the discussion are 

broken down into periods, describing core publications by the goal of the research, 

the applied methodologies, and a highlighted finding. The discussion introduces the 

publications in the following standard manner: 

(In line citation) studied the [object or subject of research], via [methodology of 

research], in order to [goal of research], and concluded i.a. [a highlighted finding]. 

Possible alternative formulations are applied, whereas found necessary to 

describe better the actual context. The above formulation admittedly cannot represent 

a record in its full spectrum, and a discussion might supplement it reflecting on 

research trends. 

                                                           
1  External citation scores indicate the total number of citations of a publication. Citations from all 

publications in a bibliographic database (e.g. Web of Science) are counted, including citations from 

publications outside the citation network being analysed van Eck & Waltman, (2014a). 
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The source of derived samples is limited to the Web of Science in the case of 

CitNetExplorer. A list of records also from all databases in Web of Science can be 

exported, but the exports did not contain cited references. Therefore, the result of the 

Core Collection is used in this study. The following table summarizes the search 

results from different databases to estimate the price of this limitation. 

 

Table 1. Number of records for the same constellation of keywords “packag* AND 

vibration AND road AND ( simulat* OR test* )” in different scientific databases 

without further constraints or filters on March 15th, 2020. 

Database Web-address Search field 

description 

Number of 

results 

Crossref https://search.crossref.org/ Title, author, DOI, 

ORCID iD, etc. 

813,072 

Google 

Scholar 

https://scholar.google.com/ empty search bar ~17000 

Dimensions https://app.dimensions.ai/ Full data 2448 

Scopus https://www.scopus.com/ Article title, 

Abstract, Keywords 

121 

Web of 

Science 

https://apps.webofknowledge.com/ Topic (from All 

Databases) 

89* 

Web of 

Science 

https://apps.webofknowledge.com/ Topic (from Core 

Collection) 

46 

Microsoft 

Academic 

https://academic.microsoft.com/home Search any topic, 

author, journal, 

etc. or any 

combination of 

these 

20 

*retrieved on March 16th, 2020. 
 

The exported dataset is read in by CitNetExplorer, and the records are displayed 

in Fig 1.a), “drilled down” to core publications are grouped into one cluster 

highlighted in Fig 1.b). 
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Figure 1. The timeline-based network of direct citations within core publications; 

a) in the sample 

 
 

b) among core publications 

 
Source: own analyses in CitNetExplorer 

 

The following section introduces micro-reviews of the core publications. The 

minimum number of citation links is one, and the connected publications are remarked 

core publications grouped into one cluster by CitNetExplorer. 
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3. DISCUSSION 

 

The review of the 26 core publications is arranged in three decades, and the most 

recent one is divided into half-decades. 

 

3.1. Core publications from 1991 to 2000 

 

Singh & Marcondes (1992) studied the truck vibration levels via measurements 

to be recommended for package testing and concluded i.a. composite spectrums for 

simulating tests. 

The effect of suspension, the weight of the shipment, and road quality had been 

compared; the composite spectrums are Power Density Spectrums (subsequently 

PSD), showing the average levels observed in the studies from data collected over 16 

000 km of road conditions. 

Rouillard & Sek (2000) the non-stationary nature of road vehicle vibrations 

(RVV), via measurements and Hilbert-transforms, to enable more realistic simulations 

of transport vibrations. It concluded i.a. how the statistical characteristics of the 

vibration intensity could be combined with the spectral characteristics of transport 

vibrations. 

 Singh & Marcondes (1992) obtained the measurements under a variety of 

conditions and offered average PSD characteristics. However, a stationary Gaussian 

time-series can be obtained via inverse Fourier-transform from a given PSD. Rouillard 

& Sek (2000) emphasized the non-stationary nature of RVVs. 

 

3.2. Core publications from 2001 to 2010 

 

Singh et al. (2006) studied the vibration levels in three directions in trucks as a 

function of road condition, truck type, vehicle speed, and stacking height (of 

packages) in Thailand. Measurement and analysis (subsequently MA) of vibration 

levels were carried out to assist product and package designers to reduce damage in 

transit by using the recommended vibration test spectrums. It concluded i.a., that an 

increase in truck speed increased vibration levels and damage to packaged fruit. 

Singh et al. (2007) studied the vibration levels in truck and rail shipments in 

India, via MA and composite spectra in three directions, in order to develop lab-

simulated vibration test methods to simulate truck and rail shipments. It was 

concluded i.a., that the measured vertical vibration levels were more severe than the 

levels used for existing test methods. There was also a difference between vibration 

levels in the truck versus rail shipments. 

The rail and road transportation environments were discussed, the results of a 

two years long study were provided incorporating truck and rail transport vibration 

for the major freight distribution routes in India. It is often cited by subsequent studies 

in the sample, like by the following record, which itself has the highest internal 

citation score. 

Garcia-Romeu-Martinez et al. (2008) MA study discussed vibration levels for 

truck transport in Spain as a function of payload, suspension, and speed, to analyze 
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vibrations occurring during truck transport. It was concluded i.a., that air ride 

vibration levels were lower than that of leaf spring suspension trailers. 

The study has the most internal citations (9), it presents an experiment considering 

different independent variables, such as: 

 the vehicle speeds {[0;40], [40;70], [70;110]} [km/h] intervals, 

 the type of suspension {leaf spring-, air ride suspension}, and 

 the payload. 

The vibration recorders were mounted  

 at the rear and front of the trailer, 

 the sampling methods consisted of signal-triggered- and time-triggered 

acquisition, 

 constituted by a GPS+GSM data recorder and a computer. 

Four test conditions had been evaluated: 

 3000 and 0 [kg] payloads for truck semi-trailer with leaf spring 

suspension and 

 21000 and 3300 [kg] payloads for truck semi-trailer with air ride 

suspension. 

The enticing possibility of a DOE setup (design of experiment) has remained 

unmined. 

Singh et al. (2008) studied the vibration dynamics inside trailers used for less-

than-truckload (LTL), via a comprehensive data measurement and video, in order to 

make recommendations to safely load and transport of LTL shipments. It concluded 

i.a. that the measured vertical vibration levels are more severe than implied standard 

levels used for existing test methods. Video footage of load shifting inside the trailer 

showed that the LTL environment requires blocking and bracing, and the absence of 

load-restraining methods can result in excessive shifting and damage.  

Lu et al. (2008) studied vibration accelerations during truck transport in Japan 

via extracting shock accelerations and comparing them to video recordings to study 

the causes of sporadic large shocks. Shocks were caused by road roughness, metal 

joints, difference in levels on the asphalt-surfaced road, pedestrian crossings, 

“manholes”, road curves, left and right turns, railroad crossings, etc. 

Vibration level results are presented in the form of PSD: examined for shocks, 

RVV without shocks, and in total. Unfortunately, the method used for shock 

extraction is not described, only referred to the utilized software. 

Rouillard (2008) discussed a signal synthesis approach, utilizing numerical 

vehicle models in conjunction with measured pavement profiles for packaging 

optimizations purposes. It was concluded i.a., that the method could be used to 

produce statistically accurate estimates of the vibratory response. 

The numerical simulation is based on a generic linear mathematical quarter-

vehicle model described by the coupled two degrees of freedom (2 DoF) second-order 

differential equation. It could simulate vertical vibration level, vertical body 

acceleration (in the temporal or spatial domain), from different longitudinal pavement 

profiles at pre-determined constant speeds. The method provides spectral and 

statistical estimates to generate vibration test schedules effortlessly for any vehicle 

type, pavement profile and vehicle speed schedule ibid. 
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Rissi et al. (2008) vibration MA study was conducted in Brazil, in order to 

provide composite PSD and concluded i.a., that the vertical vibration levels were 

higher than the lateral and longitudinal levels as expected. 

Bernad et al. (2010) studied the dynamics of stacked packaging units, via 

operational modal analysis (OMA), in order to investigate the non-linear behavior of 

the paperboard containers and the natural frequencies and modes. The relevance of 

bending-like modes concerning laboratory testing was emphasized. 

The publication introduces OMA in the discipline. The modal analysis of output-

only systems first appeared in the 1970s, and significant developments have begun in 

the 1990s ibid. The authors stated that the reviewed studies (for packaging testing 

purposes) only focused on vertical responses and neglected other vibration modes. Id. 

summarize their motivation that packaging damages might have different reasons 

apart from fatigue failures, and the responses have closer relationships to the failures 

instead of the excitation signals. 

Cakmak et al. (2010) studied the effectiveness of packaging boxes by different 

materials, via measurements and shaker testing, to examine the effect of vibration on 

fresh figs. It was concluded i.a., that the cardboard packaging box was not proper for 

transporting fresh fig fruits in all road conditions. 

The study presents that specifically chosen research objects (here, fresh fig 

fruits) contribute to a precise formulation of quality indices, or dependent variables in 

an experiment. Many MA publications deal with dummy masses or just generally 

reflecting upon goods transported. 

 

3.3. Core publications from 2011 to 2015 

 

Soleimani & Ahmadi (2014) studied the truck vibration levels as a function of 

packages locations in truck bed and suspension via MA and ANOVA. 

Apples were packaged in reusable plastic container (RPC), the ANOVA 

consisted of peak and average 

PSD values and acceleration RMS, as affected by: 

 𝑆 - suspension systems {leaf-spring suspension; air-ride suspension}, 

 𝐴 - RPC position in relation to truck axle {rear; front}, 

 𝐻 - RPC height positions of the container column {bottom; middle; up), 

 𝐷 - fruit depth in RPC container {top; bottom}. 

The investigation was carried out according to a factorial experiment in the form 

of a multivariate factorial (2x2x3x2) design. Duncan’s multiple range tests were used 

to compare the means. Five replications were conducted for each combination of 

variables. Twelve acceleration gauges (per truck), each embraced by a spherical 

shape, had been used. The vibration data results indicated that all independent 

variables, including the suspension system 𝑆, 𝑅𝑃𝐶(𝐻), 𝑅𝑃𝐶 position than truck axle 

(𝐴) and 𝑅𝑃𝐶(𝐷) had significant effects on the average PSD in the range of 0.1–5 

[Hz], peak PSD, and RMS of acceleration (p < 0.05) ibid. 

Kurniawan et al. (2015) MA study described vibration levels in two- and three-

wheel delivery vehicles in Southeast Asia. It was concluded i.a., that the vibration 

levels in last leg delivery routes are lower than those measured in truck and container 
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shipment across road and rail transportation in North America, previously studied by 

id. 

Lepine et al. (2015) review article studied the simulation methods applied in 

packaging vibration testing. It concluded i.a. that a suitable simulation method should 

reproduce the three modes present in vehicle vibration, i.e., the non-stationary 

random, transient, and harmonic components. 

The study is organized in the following manner, offering an orientation in 

packaging testing simulation methods: 

 Standardized methods (and accelerated vibration tests), 

 Time-history replication, 

 Non-Gaussian simulations, 

 Non-stationary simulations, 

 Transient event simulations, 

 Harmonic simulations. 

Another conclusion summarizes that there are many methods for simulating non-

stationarities; still, no definitive method has been developed and validated to identify 

and characterize the two other modes of RVVs as of 2015 according to Lepine et al. 

(2015) 

 

3.4. Core publications from 2016 to 2020 

 

Griffiths et al. (2016) introduced a novel method for RVV segmentation and 

simulation, with decomposing RVVs via discrete wavelet transform (DWT), in order 

to find Gaussian segments within RVVs in an iterative process. The paper presented 

the capabilities of the proposed method to simulate RVVs. For the process applied, 

the reader is referred to ibid. and (Lepine et al., 2015). 

Lepine et al. (2017b) studied the performance of a Support Vector Machine 

(SVM) in contrast to moving Crest factor for detection purposes of shocks buried in 

RVV via receiver operating characteristics. Synthetized RVVs were created from the 

dynamic behavior of a specific vehicle. It was concluded i.a., that the SVM is 

considerably more accurate and reliable in the identification of shocks than the more 

traditional approach based on the Crest factor. 

The synthesized signal was obtained to mirror the real-world vibration behavior 

of trucks on the model level. Machine learning classifiers can base their prediction on 

different predictors at the same time, which were inherently used utilizing moving 

RMS, Crest factor, Hilbert-Huang-transform (HHT), and DWT. It was concluded in 

(Lepine et al., 2015), that there was room for introducing validated transient event 

characterization. 

Fernando et al. (2018) studied the critical factors of vibration during transport 

and their implications for fruit quality, and possible improvements. The authors 

considered the effects of different inner packing methods and different package types 

in order to synthesize the state-of-the-art. It was concluded i.a., that more precise 

characterization of mechanical damage induced by shock and vibration, and its 

reproduction by improved simulation techniques would contribute to the optimization 

of damage prevention mechanisms.  



Timeline-based network analysis of a publication sample related to packaging vibration testing 
László Róbert Hári 

  

 

138 

 

The review article considered many critical factors for vibration damage to 

fruits, such as vibration energy, critical frequencies, acceleration and its 

transmissibility, package position on truck floor, height in a stack, depth of fruit within 

a package (from the top of the corrugated box), suspension type or truck type, road 

conditions, vehicle speed, vibration duration i.a.. 

Wang et al. (2018) investigated the vibration scuffing life curves by an inked 

transfer device and paperboard via experimental vibration testing in order to develop 

the G_(rms,e)-N_(a,e) and G_(rms,r)-N_(a,r) scuffing life curves. It was concluded 

i.a. that the scuffing life curves in the resonance- and non-resonance scuffing state are 

very different. 

Characterization of scuffing level (𝑆) -implying damage rate- was expressed as 

a percentage of change of the sum of 𝑅𝐺𝐵 values of the scanned images from the 

paperboard (𝐴), compared to the maximum total 𝑅𝐺𝐵 values of a blank card (𝑂). The 

scuffing life curve in the level of the whole product is given by the relation of 

𝐺𝑟𝑚𝑠,𝑒  − 𝑁𝑎,𝑒 , where 𝐺𝑟𝑚𝑠,𝑒  denotes the RMS of the excitation acceleration in the 

frequency range and 𝑁𝑎,𝑒 is the total number of zero crossings during the test time; 

The scuffing life curve on the component level is characterized by the relation of 

𝐺𝑟𝑚𝑠,𝑟 − 𝑁𝑎,𝑟 , where 𝐺𝑟𝑚𝑠,𝑟  denotes the RMS of the specimen acceleration in the 

frequency range, relative to the inclined surface under the specimen, and 𝑁𝑎,𝑟 is the 

total number of zero crossings for the relative acceleration during the test time. 

Meyyappan et al. (2018) studied electronic components being exposed to 

vibration risks during their entire lifetime under operational conditions, via a so-called 

knowledge-based qualification (KBQ) framework in order to map use conditions to 

accelerated test requirements for solder joint fatigue and socket contact fretting. The 

qualification requirements via KBQ were compared to standard requirements to verify 

how well industry standard models reflect field reliability risks. 

Electronic components, such as microprocessors, crystals, capacitors, 

inductors, transformers, ball grid array packages (BGA), quad flat packages (QFP), 

and chip-scale packages (CSP) (Saravanan et al., 2008) are likely to appear in the 

current sample since packaging has a secondary meaning, for which a representative 

definition is given in (Shannon, 2019; p.37). In electronics manufacturing, integrated 

circuit packaging is the final stage of semiconductor device fabrication, in which the 

tiny block of semiconducting material is encapsulated in a supporting case that 

prevents physical damage and corrosion. The case known as “package”, supports the 

electrical contacts which connect the device to a circuit board. In the integrated 

circuit industry, the process is often referred to as packaging. 

Borocz & Singh (2018) MA study investigated vibration levels in delivery vans 

in Hungary, in order to simulate package testing for parcel delivery. It concluded i.a. 

composite PSDs. 

Ge & Pan (2018) studied vibration damage rate curves for quantifying abrasion 

of printed packaging in accelerated random vibration test, via G_rms-N vibration 

damage rate curves. It was concluded i.a., that the accelerated random vibration 

formula could be used when vibration damage rate curves for printed packaged 

products are developed, in order to effectively reproduce the damage in the laboratory, 

equivalent to the field. 
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The authors proposed the concept of vibration damage rate curves to characterize 

progressive damages on printed surfaces. Accelerated random vibration study was 

conducted to investigate the abrasion of a printed surface between a single axis 

vibration in the laboratory and the field test per the given Basquin- equation. The 

paper described the method to obtain vibration damage rate curves based on equal 

damage between the laboratory and the field. The damage rate 𝑟 is formulated as the 

percentage of change, utilizing optical density (before/after). The number of cycles 𝑁 

was counted via the rainflow cycle‐counting algorithm2. 

Fernando et al. (2019) studied the vibration levels and damages to bananas in 

palletized cartons transported by multi-trailer road trains. The MA was constituted by 

quantitively estimated damages (MDI). The transmissibility testing in a stacked pallet 

was accomplished with a vibration simulator table. The research was conducted for 

the purpose of studying the mechanical damage levels in bananas, influenced by the 

package height and the stacked position of the pallet. 

Mechanical Damage Index (MDI) based on the estimated damage area was derived 

as an index score for each fruit carton. The ANOVA design consisted of the mean 

MDI score for each fruit carton, as affected by: 

 trailer {A; B}, 

 position of pallet in trailer A {front; rear} and in trailer B {front; middle; 

rear} 

 height of cartons per position {bottom; middle; top}. 

The experiment was conducted according to a factorial experiment in the form 

of a multivariate factorial (2x2x3x3) design. MDI data for each sample banana 

carton stacked in different positions in the pallets were analyzed for statistical 

significance by ANOVA and Tukey’s HSD test method ibid. 

Lepine et al. (2019) studied four different Machine Learning Classifiers for the 

detection of shocks buried in RVV, via ROC- and the specially developed PERFO 

curves. In order to assess the classifiers’ detection accuracy, it was found that 

obtaining the classifier’s optimal operation point (OOP) via synthetic dataset was 

inadequate. Therefore, the recalibration of classifiers was necessary using this time 

the measured RVVs. It was concluded after recalibration, that the detection capability 

of the Decision Tree, 20NN and Bagged Ensemble classifiers are equivalent to 

random guessing. An area under the curve (AUC) of 0.94 was obtained by the 

Gaussian SVM providing accurate detections. Accordingly, it can be used to detect 

shocks buried in RVVs. 

The same predictors had been utilized here, as compared to (Lepine et al., 

2017b). Beneath ROC (implicitly AUC) statistics, the PERFO curve was introduced 

as a performance indicator. Furthermore, three other classifiers were evaluated next 

to the SVM approach. The schematic of the generation synthetic training and 

validation sets was improved, as well. Another development in contrast to ibid. was 

the validation using real-world RVV measurement. 

Zhou & Wang (2019) further studied a previously introduced approach, namely 

the shock extraction method (subsequently SEM). Three representative RVV 

                                                           
2 Tatsuo Endo and M. Matsuiski in 1968 devised the rainflow-counting algorithm and enabled the reliable 

application of Miner's rule to random loadings Westmoreland Mechanical Testing & Research, (2018). 
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simulations (single‐level PSD, three‐way split spectral, and wavelet decomposition) 

was compared to SEM, to assess simulation capabilities based on statistical 

parameters. The simulations were tested on three measured RVVs, and it was 

concluded i.a., that the single-level PSD simulation produces the worst, while SEM 

achieves the best simulation effect. 

Statistical parameters incurred in the comparison were max.- and min. 

acceleration, overall 𝐺𝑟𝑚𝑠 , kurtosis, segment duration, vibration intensity 3 , 

acceleration probability distribution, moving RMS probability distribution, and PSD 

plots. 

The single‐level PSD method as a standard procedure produces a stationary 

Gaussian signal, which is not discussed here in more detail. The three‐way split 

spectra method splits the original signal into three segments with the lower 70%, 

middle 25%, and top 5% of (acceleration level (Fernando et al., 2018)) data, and each 

segment is simulated with a stationary Gaussian signal. Griffiths et al. (2016) 

proposed the wavelet decomposition method discussed above.  

Shock extraction method has been prior introduced in (Zhou & Wang, 2018), the 

original signal is decomposed into a series of approximated Gaussian segments and 

one shock segment. The segmentation is based on the moving crest factor (MCF) and 

the one-tenth peak (OTP) value. MCF is often used to index transients, but it is not 

always reliable and is often not appropriate for signals that contain strong non-

stationarities (Lepine et al., 2017a). Segments are simulated as stationary Gaussian 

signals, which are concatenated to be the total simulated signal. Fatigue life prediction 

may also be unrealistic, since suffered damages may vary by the sequence of high- 

and low- or low- and high-stress fluctuations (Raouf A. Ibrahim, 2017; p.365). 

Rouillard & Lamb, (2020) studied multiaxial motions, like heave, pitch, and roll 

vibrations from many transport vehicles traveling on typical urban and suburban 

routes, in order to establish the nature and level of the multiaxial vibrations that exist. 

It was concluded i.a. that the relationships between the moving RMS of the above-

given DoFs are not strongly correlated but can be characterized statistically as joint 

distributions. 

The publication reveals a recently unfolding trend that multiaxial vibration 

testing can be characterized based on multiaxial measurements because the use of 

lightweight systems such as stretch film is increasing, and those packaging systems 

are susceptible to lateral forces generated by roll and pitch vibratory motions. 

Cocchiola et al. (2020) studied the effect of coplanar sensor spacing on 

determining the angular acceleration of vehicles. A sensitivity analysis was conducted 

to determine the effect of misplacement and misorientation of sensors on the angular 

acceleration calculation; and concluded i.a., that there is a trade-off between 

compactness of the recording array and the measurement accuracy. 

A coplanar six translational acceleration DoF and three angular rate DoF (6a3ω) 

configuration had been investigated with gauges mounted on a unique L-shaped 

fixture. Heave acceleration was measured with the onboard accelerometer, whereas 

angular velocity was measured with an IMU connected to two available external 

                                                           
3 Usually the vibration intensity can be expressed by vibration acceleration RMS value Liu & Zhang, 

(2012); or in other words 𝐺𝑟𝑚𝑠 is a qualitative measure of intensity of vibration Santhosh M. Kumar, (2008). 
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channels of the self-contained data recorder. Rouillard & Lamb (2020) used a self-

contained data recorder. The study of Bernad et al. (2010) considered only the 

evaluation of translational motions. 

 

 

4. SYNTHESIS 

 

Twenty-six core publications are identified by CitNetExplorer and discussed in 

more detail in the prior section. Subjects and methods of studies are highlighted in the 

script. Research trends and highly referred records have been analyzed. The direct 

citation network utilizing a timeline-based approach estimates the knowledge transfer 

in the discipline by the sample. Nooy et al. (2005) describe the idea of citation 

networks as a system of channels transferring information. A junction (article) in this 

system refers to many other publications and likely synthesize knowledge, implying 

that a knowledge flow through them. Such a main channel in the current sample is 

visualized in Figure. 2, and the short thematic connections are described next.  

 

Figure. 2. Main path analysis in the sample. 

 
Source: own analysis in Pajek 

 

 Fernando et al. (2019) investigated via ANOVA design the mechanical 

damage to bananas in transport. A discrepancy in PSD curves has been noticed 

between ASTM testing standard - and recorded signal PSD profiles. Id. explained 

further that PSD peaks can be influenced by the suspension (characteristics and 

stiffness) in each vehicle, referring to a preliminary study by Fernando et al. (2018). 

Ibid cites 113 records in order to discuss and identify the main factors of vibrations 

and their implications on fruit quality. Transient shocks are discussed as one of those 

critical factors and id. refers to Lepine et al. (2015), who also described the shock 

detection capabilities of the Crest factor. Among standard laboratory vibration testing, 

the testing times can be accelerated via the Basquin-model -referring again to Lepine 

et al. (2015)-. Another essential review appears, as Lepine et al. (2015) synthesize the 

knowledge of RVV simulations for packaging testing purposes as of date. In the topic 

of transient event detection, the method of Lu et al. (2008) is mentioned i.a.. The 

results from ibid. are discussed in the context of other researches, such as (Garcia-

Romeu-Martinez et al., 2008), which published MA results of truck transport in Spain 

as a function of payload, suspension, and speed. Studies from different countries 

concerning vibration level measurements are taken into account in the introduction, 

like a study conducted in India (Singh et al., 2007) or in North America (Singh & 

Marcondes, 1992). Both cited references describe the measurement and analysis of 

vibrations of shipments during transport. 
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5. CONCLUSION 

 

The citation networks seem an applicable representation to study the connection 

of researches, but it does not reveal the context. Visual networks help to identify not 

only primary researches but offer an orientation when reading publications. In large 

scale networks, further analysis techniques are available to estimate the main 

knowledge channels in time, such as the main path analysis. Even if the presented 

methods can only estimate a discipline, it still presents an added value in the 

preparation- and presentation phase of reviewing the literature. Future research 

regarding the bibliographic analysis may expand the sample size with different search 

queries but utilizing the same approach. As a possible alternative to the current 

approach, other time-independent analyses of citation networks as per decades could 

be introduced, as well. 

Packaging vibration testing has its roots in measurement and analysis of road 

vehicle vibrations. Studies led to the recognition of RVVs being non-stationary and 

non-Gaussian stochastic processes, still many available vibration testing standards use 

average PSD profiles leading to stationary Gaussian simulations. The limitation of 

prior available testing standards had been addressed in different studies; hence new 

simulation methods had been established. From this indefinite changepoint, the 

discipline has reserved the two methodologies, such as RVV measurement & analysis 

and RVV synthesis. Here shall be noted that these classes are neither mutually 

exclusive nor giving up to the total methodology space in the discipline. However, 

this duality can be discovered through the qualitative analysis of publications. Larger 

sample sizes may result in different clusters. 

The measurement and analysis of vibration levels show increasing interest in the 

heave, pitch, and roll vibratory motions beneath the translational vibrations. The joint 

distribution of the 6 DoF measurements and DOE approaches might reveal further 

significant connections between the vibratory motions and different independent 

variables, if accountable under RVV circumstances. The contribution of 6 DoF 

measurements to the improvements in multiaxial shaker testing must be assessed. 

The identification of shocks in RVVs has a long track record in the discipline; 

lately, machine learning algorithms are also implemented to classify events. The 

discipline may face questions regarding the estimation and cross-validation of the 

distribution(s) of transient events along the journeys if it is applicable. The drivetrain-

related harmonic excitation is still a rarely discussed phenomenon in the discipline, 

which needs further attention in investigating accountable vibrations.  

Albeit no universally accepted methods are developed yet beneath the standard 

approaches, the active strive in empirical observation and description of RVV enables 

us to understand the real-world phenomena better and indirectly facilitates the 

presentation of new simulation methods in the packaging vibration testing. 
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Abstract  

 

There are several researchers working with the questions of supply chain 

management and the bullwhip effect. The goal of this paper is presenting the different 

organizations investigating this topic. These institutions relate to each other on several 

angles. Research and publications are also made in cooperation between them. These 

relations can influence the concept used in the different research groups. This study 

aims to define the most significant schools of bullwhip effect and scientific network 

behind. The main authors of the topic can be determined as well. It is also important 

to see how the main researchers are influencing the cooperation landscape. This article 

is investigating these connections considering both the most significant researchers of 

the topic and the research groups. Basis of this study is dimensions database and the 

VOSviewer program is used to visualize the scientific landscape. Using this method, 

the connection and cooperation can be visualized. This research is a literature review 

from the perspective of network generated by the publications analysing bullwhip 

effect and supply chain management. There is potential to further extend the scope of 

the study by involving connected areas such as performance measurement. The 

investigation can point out whether bullwhip effect researchers are extending the 

scope with the performance measurement systems or the other way around. This will 

also answer the question how the key performance indicators in use measure bullwhip 

effect based on literature. It will also reflect on the direction of research between 

theory and practice. 

 

Key words: literature mapping, bullwhip effect, scientific landscape, performance 

measurement 

 

 

1. INTRODUCTION 

 

There are thousands of studies investigating different fields of the supply chain. 

The areas considered in the research are diverse, different fields are in focus from 
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multiple perspective. Bullwhip effect is one of the fields appearing in a lot of research. 

It can be stated based on checking the articles of the main authors that even if the 

understanding of the basics of principle is common there are huge differences in the 

further investigation, direction. Bullwhip effect interpretation can determine the main 

research schools that are presenting studies on the topic. These research groups can 

define a scientific landscape of the bullwhip effect. 

The topic of bullwhip effect is not only important from the scientific perspective, 

but it has industrial importance also due to the high practical impact. The different 

members of the supply chain need to be able to handle the consequences of the 

bullwhip effect. To improve operational performance, they need to be able to 

recognize the phenomenon and manage it in the most effective way. Different 

methods, metrics and measures need to be initiated. Research on the topic help to find 

the most appropriate tool to be used. Through case studies, results and examples 

presented by the research groups bullwhip effect can be translated to the practical 

implementation. It supports highly to find a solution.  

In this research the database of dimensions.ai has been used as the source of the 

information. The investigation is focusing on the past four years (2016-2019). The 

information is visualized with the VOSviewer software which is a tool to show 

network based on the bibliometric database. Using the program both the connection 

of authors and institutional network can be presented. Beside the time frame other 

criteria is also limiting the database. Only the authors and institutions that are having 

more than five articles are considered in the research. This minimum quantity is 

filtering out the not relevant parties. 

Using the mentioned source and software the aim is the visualization of the 

network of the bullwhip effect researchers and the institutions they are working at. 

Based on the result of the literature mapping the goal of the article is also definition 

of the bullwhip effect research schools, their cooperation and focus of research. 

Performance measurement is highly connected to the bullwhip effect. In this 

article the connection of the researchers of the two area is investigated. It is also 

interesting to check if the authors are extending their research from the bullwhip effect 

analysis to the performance measurement or the other way around. Defining the 

direction in this question is also aim of this research. 

This article first presents the network of authors and institutions investigating 

the bullwhip effect. Then the joint research of bullwhip effect and performance 

measurement are checked. Here the subject is also author and institution level 

landscape. Based on the result of the literature mapping three bullwhip schools are 

defined by the authors. These schools are following different approaches to 

investigate bullwhip effect. 

 

 

2. LITERATURE MAPPING  
 

2.1. Bullwhip effect 

 

Bullwhip effect (BWE) has strong academic and business interest due to the 

potential malfunctions that can be generated in the supply chain if it occurs. The main 
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understanding of the phenomenon is common but still among different research 

groups interpretation differ highly. The bullwhip effect term was defined in a 1997 

study by Lee, Padmanabhan and Wang. It was recognized by Procter and Gamble 

through the analysis of the diaper orders. Customer demand fluctuation was not 

explaining the level of variability. The phenomenon was also present at other sectors 

and companies. As the main causes the authors define price, demand signal 

processing, batching of orders and rationing game. The authors describe bullwhip 

effect as below: “the phenomenon where orders to the supplier tend to have larger 

variance than sales to the buyer (i.e., demand distortion), and the distortion propagates 

upstream in an amplified form (i.e., variance amplification). (Lee et al., 1997, p546)” 

The subsequent research discovered further causes and details on the topic, but the 

core understanding of the phenomenon is as above. 

Based on dimensions.ai database bullwhip effect is considered in 10653 research 

since 1970. The main researchers are Stephen M Disney, Denis R Towill and Dmitry 

A Ivanov based on the number of studies published. Disney has studies on this field 

since 1997, many of them in cooperation with Towill under the umbrella of the Cardiff 

Business School. Towill is also remarkable person in the bullwhip effect research. He 

has been working closely with Disney until he passed away in 2015. He played 

important role in the establishment of the research group in the Cardiff University. If 

the investigation is focusing on the most recent period (past 4 years) Dmitry A. Ivanov 

is leading the list, more than half of his articles on the topic is from this time. Stephen 

M Disney is still on the top 10 but only 15% of the related articles are from the most 

recent period.  

Figure 1 shows the landscape of cooperation regarding the bullwhip effect 

researchers considering 2016-2019 period. To limit the mapping only for the most 

relevant actors of the area only the authors with at least five articles are considered in 

the investigation, which means the 10% of the authors (57 authors matches the 

criteria). The bigger the mark the higher number of articles are written by the given 

author. It is visible that Dmitry Ivanov and Stephen M Disney is considered as centre 

of research groups. Beside them also Ma Junhai and Ponte Borja can be mentioned as 

significant character. The map is presenting that direct or indirect connections are 

formed between several authors. Even so there are still some relevant researchers with 

no significant collaboration with the other authors in the bullwhip effect subject. 
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Figure 1. Bullwhip effect authors and connections 2016-2019  

 
Source: Dimensions.ai database, visualized with VOSviewer software 

 

Figure 1 also presents the cooperation of authors and research groups. Dmitry 

Ivanov has strong connection with some researchers such as Alexandre Dolgui, but 

his network is isolated. It is not extended further with other bullwhip effect 

researchers. In contrast other author communities are more connected with each other. 

For example, the group lead by Stephen M. Disney is connected both with the one led 

by Borja Ponte and the one led by Mohamed Naim.  

It is also interesting to see these connections on organization level. Figure 2 

presents the institutional landscape. The minimum number of documents by an 

organization is still considered as five, 10% of the organizations meet these criteria 

(148 organizations). Based on the mapping Hong Kong Polytechnic University is 

highly connected to other institutions, it has central position in the network. Cardiff 

University, Berlin School of Economics and Tianjin University are also significant 

players with several links. These institutions with the most significant connection 
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chains are not related to each other, only through additional elements. This scientific 

network is not limited on geographical level, cooperation is found all around the 

world. It is visible that the network and cooperation on institution level is much more 

complex and the collaboration is tighter than on author level. As authors can have 

relation with multiple institutions through the years, connections are more likely to be 

generated. Furthermore, a given author can publish under the umbrella of multiple 

organizations.  

 

Figure 2. Bullwhip effect institutions and connections 2016-2019  

 
Source: Dimensions.ai database, visualized with VOSviewer software 

 

As number of institutions presented are high it worth to highlight the most relevant 

ones and connect them with the main authors. Cardiff University is represented in 

author level by Stephen M Disney (in the 2016-2019 period, also by Denis R. Towill 

in the earlier years). Berlin School of Economics is the institutional background 

behind Dmitry A. Ivanov, Tianjin University represented by Ma Junhai on the author 

level summary. Regarding Hong Kong Polytechnic University it is difficult to pick a 

researcher, several smaller research groups are representing it led by Choi Tsan Ming 

or Wong Wing-Yee. 

 

2.2. Bullwhip effect and Performance measurement 

 

As stated by Kaplan and Norton: “No measure, no improvement. (Kaplan, 

Norton, 1992)” Performance measurement is appearing in several research. The area 

has strong industrial connection and interest behind. It can have huge impact on the 

operation of any supply chain. The topic occurred in more than 40 thousand research 
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based on dimensions.ai database, the first article is from 1899. If the most recent years 

are considered (2016-2019) almost 13 thousand relevant publications are available in 

the database. The areas of research are mainly connected to management, information 

technology and systems or engineering. 

Performance measurement framework is established to measure and enhance the 

efficiency of the supply chain. It is an enabling tool for managers to manage supply 

chain in an efficient way, support with information in regards the needed enhancement 

to achieve excellence. It is fundamental to reach and sustain competitive advantage. 

(Balfaqih et al., 2016) There can be different reasons to develop and establish 

performance measurement system (PMS). PMS can support in identification of 

success, understanding if customer needs are met, perceiving business processes, 

making decision, enabling, and tracking progresses. It can also take part in bottleneck, 

problem, or waste identification or in finding the improvement potentials. 

(Gunasekaran & Kobu, 2007) There are several ways to approach performance 

measurement. Such as models like SCOR or BSc model, process based technics that 

are building on the process based analysis of the supply chain, perspective based 

models building on generic measures but also consider interrelationship between them 

and hierarchical approach that consider that metrics on the different level of hierarchy 

on the SC. (Jagan et al., 2018) 

Bullwhip effect and performance measurement has several common interests. 

The result of the bullwhip effect is malfunction in the operation, therefore supply 

chain performance is affected. This malfunction means that goods and/or information 

are not getting through the chain perfectly. Result can impact both on time and 

quantity, that ends in cost related consequences. (Wiedenmann & Größler, 2019) Due 

to the mentioned results it is important to investigate impact of BWE on the 

performance and the possibilities how it can be integrated to the PMS, metrics, and 

models. 

If bullwhip effect and performance measurement is checked together the number 

of publications is much less as this is a more specific part of the performance research 

area. First research was written in the 1980s and all together there are 2267 

publications including both two fields. Considering the same period (2016-2019) 737 

publications can be found in the dimensions.ai database related also to management, 

IT, or engineering field. If the threshold value of minimum five article per author is 

still considered this case only seven authors are meeting the requirement. If this 

quantity is decreased to three 28 authors are present in the examination. As it is a more 

specific area threshold value has been decreased to three, this is considered in below 

results. As visible on Figure 3 these 28 authors mean eight research groups and rest 

of them are individual researchers with no co-author connection. Compared to the 

bullwhip effect network (Figure 1.) below chart shows much less connection and co-

authorship. We can only see individual researchers and small research groups of two 

or three author, but these groups are not having further connections.  
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Figure 3. Bullwhip effect and performance measurement authors and connections 

2016-2019  

 
Source: Dimensions.ai database, visualized with VOSviewer software 

 

The connections are valid on institution level as well. Network is visualized on 

Figure 4. In the program also three articles were set as minimum per institutions due 

to the smaller number of relevant articles. Figure 4 shows which organizations are 

working together on research of bullwhip effect and performance measurement. As 

visible considering the institutions there is no single item that is separated. All the 

institutions with at least three relevant articles relate to at least one other organization. 

 

Figure 4. Bullwhip effect and performance measurement institutions and connections 

2016-2019  

 
Source: Dimensions.ai database, visualized with VOSviewer software 
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Some similarities can be pointed out not only regarding the authors but also 

regarding the organizations. Cardiff University is visible both on Figure 2 and 4. 

Bullwhip effect is analysed not just on its own but also with performance 

measurement perspectives involved. We can also see that Montpellier Business 

School and National Institute of Industry has the biggest network. These institutions 

relate to five different organization, co-authorship is very strong related to this 

associations. 

 

2.3. Bullwhip schools 

 

Based on the most relevant authors and institutions it is possible to define the 

schools or approaches regarding bullwhip effect. Different groups are handling the 

phenomenon from diverse perspective. In the sub-chapters the key elements related to 

the different groups are summarized and presented with some examples related to it.  

The three schools defined are the followings: 

 Bullwhip focus concept: The researchers of this school are focusing on the 

phenomenon itself. Research goes deeply into forecasting, information 

sharing, replenishment and ordering policies mainly. 

 Supply chain performance concept: The aim is improving global supply 

chain performance. BWE is considered as a part of the bigger picture. The 

focus is performance improvement based on the result of other bullwhip 

effect research and integration of the potential methods. 

 Customer focus concept: This aspect uses a different viewpoint. Customer 

is the centre of the research. More focused on price, promotion, and 

customer satisfaction. This approach is more practical, market driven. 

The approaches mentioned before relating to the scientific landscape as well that 

is visible on Figure 1. Bullwhip focus concept is in the centre of the figure with 

Stephen M. Disney as a main author. The supply chain performance concept is 

represented by the research group led by Dmitry Ivanov, BWE and performance 

measurement common landscape (Figure 3) presents further authors as well. The 

customer focus concept is more fragmented. For example, Junhai Ma is part of this 

group with pricing related research. 

 

2.3.1. Bullwhip focus concept: 

 

Cardiff Business School is one of the key institutions for BWE research since 

the 1990s. The main researchers are Stephen M. Disney and Denis R. Towill. The 

understanding of the phenomena is described as “the effect by which slow moving 

consumer demand creates large swings in production for the suppliers at the other end 

of the supply chain. (Wang & Disney, 2016)” 

The focus of the research is the replenishment rules, forecasting, ordering policy, 

trends, and information sharing. Demand signal processing was already mentioned as 

one of the reasons behind the bullwhip effect in chapter 2.1. It is understood as 

adjustment of the demand forecast and through this adjusting the inventory 
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replenishment parameters. The result can be over-reaction, which can lead to variance 

amplification. Usage of different forecasting methods can induce the BWE. 

(Dejonckheere et al., 2003) The setup of the supply chain can also highly determine 

the replenishment methods used. Vendor managed inventory (VMI) chains and 

traditional chains differ on this question. VMI concept supports the reduction of the 

bullwhip effect by elimination of a decision layer and a potential information delay. 

(Disney & Towill, 2003) 

Demand fluctuation and non-zero lead time is among the main reasons also. 

However, these factors have been examined earlier separately also, phenomenon 

caused is known as demand amplification or the Forrester effect. Bullwhip focus 

concept investigation is partly focusing on this area. There are several case studies 

made on the topic. Disney, Towill 2003 study presents analytical examination and 

solution for bullwhip effect in case of a specific ordering policy. (Disney & Towill, 

2003) It is also analysed how the reduction of the bullwhip effect meets the inventory 

performance requirements. As a result, a trade-off has been revealed. Reduction of the 

phenomena ends in increase in the performance requirements. (Warburton & Disney, 

2007) 

The information sharing in the supply chain is in focus as well. Currently 

information sharing due to technological development does not have technical barriers 

through the supply chain. Dejonckheere et al. investigate how traditional supply chain 

with no information sharing differs from the supply chain where the customer demand 

is known in all level. As a result of the mention research it came out that information 

sharing can decrease the amplitude of the bullwhip effect in the chain. (Dejonckheere 

et al., 2004) 

The other side of the examination of the bullwhip effect is the reduction of it. 

Mentioned research group consider ten potential principles to reduce the bullwhip 

effect. These are partly built on the causes stated by Lee et al. and on other examples 

summarized as below (Geary et al., 2006) 

 Control system principle: target and control to be harmonized 

 Time compression principle: time requirement of task to be minimized, 

remove waste from the system 

 Information transparency principle: transparency for all relevant member 

with no delay, holistic control 

 Echelon elimination principle: number of echelons to be defined based on 

supply chain goals on the minimum level 

 Synchronization principle: events are synchronized 

 Multiplier principle: orders can be multiplied mainly between 

manufacturers and suppliers.  

 Demand forecast principle: as forecasting is one of the reasons behind BWE 

this are should be improved by the already mentioned points such as 

information transparency. Different trend detections and safety factors 

should be eliminated, harmonized. 

 Order batching principle: harmonization of the batching is needed in the 

chain 
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 Price fluctuation principle: price changes to be driven and planned 

 Gaming principle: double guessing should be eliminated 

Supply Chain performance is considered as connected area by this research 

group also. BWEs impact on performance can be measured based on Likert scale. 

Scores has been defined based on value streams: process, supply, demand, and control 

uncertainty. This covers the full supply chain, both abilities to meet production target, 

problems occurring due to poor performance suppliers, unpredictable demand 

changes and malfunctions in the information flow. (Geary et al., 2006) 

 

2.3.2. Supply chain performance concept 

 

As it was described in chapter 2.2 performance measurement and bullwhip effect 

research has lot in common. This aspect has been led in the past few years by Dmitry 

Ivanov based on the number of articles published. Beside the research group lead by 

Ivanov there are several other who analyse the topic. The most relevant authors based 

on number of articles are visible on figure 3. The focus among these researchers is not 

the bullwhip effect itself, it is investigated as a connected field that has impact on the 

performance of the supply chain. The main point is ensuring the planned economic 

performance. To reach this, potential barriers and bottlenecks are analysed. BWE is 

examined as one of those. The main point of checking it is the influence on 

information sharing, forecasting, inventory policies and ordering methods. Via these 

fields the supply chain echelons are highly connected with each other. Both global 

and local performance has significant dependency on BWEs operational occurrence. 

Supply chain performance is highly affected by numerous different factors. 

These can be for example number of echelons and cooperation of them, coordination 

of the global concept, having the common understanding on the performance goals in 

the chain. In addition to the mentioned elements demand uncertainty (amplification 

of variation of demand) and differences in forecasting is also an important factor. 

(Ducq & Berrah, 2009) 

For Dmitry Ivanov, the core of the research is control theory, ripple effect, disruption 

in the supply chain. Bullwhip effect is an important area influencing the mentioned 

topics. The direction is the analysis of the dynamics and performance in the supply 

chain. Ripple effect is one of the fields extensively studied by Ivanov, “describes a 

downstream propagation of the downscaling in demand fulfilment in the SC as a result 

of a severe disruption (or a series of disruptions) (Dolgui et al., 2019)”. It has been 

examined if ripple effect can drive the bullwhip effect. It has been proven that missing 

control during disruption causes bullwhip effect. Supply chain behaviour changes 

during this period, panic reaction can be observed. Coordination can allow elimination 

of bullwhip effect. Based on the research ripple effect and bullwhip effect is on 

negative interrelation which leads to backlog accumulation. That results in 

destabilization of inventory. (Dolgui et al., 2019) The main difference between BWE 

and ripple effect is summarized from several perspective. Main points are in the 

recovery timing and in the affected performance. Bullwhip effect is more focused on 

short term actions and effect on performance is also connected to this. It occurs 

regarding current performance and it means operational risks. (Ivanov et al., 2019) 
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Information sharing can be considered as key element regarding the bullwhip 

effect and the supply chain performance also. It is considered as potential to decrease 

risk in case of disruption. It has been proven by analysis that it improves supply chain 

resilience and robustness. (Hosseini et al., 2019) Information distortion has negative 

effect such as heavy fluctuation of orders on manufacturer side. It leads to unreliable 

picture on inventory level on multiple part of the supply chain. Increased number of 

echelons increase the uncertainty as well. Transparency is a solution to ensure timely 

and valid customer demand information. This decision is long term oriented and 

needed to consider rather global than local perspective. (Otto & Kotzab, 2003) 

Information sharing is highly connected with forecasting, transparency can help 

in improvement of the quality of the forecast in the supply chain. Collaborative 

environment can lead to collective forecasting that can decrease uncertainty, improve 

forecast, and reduce probability of bullwhip effect. (Ramanathan, 2014) 

Information transparency in the supply chain is an important question from the 

performance perspective. This is also crucial regarding the bullwhip effect. Supply 

chain performance can be improved via collaboration and information sharing. At the 

same time this can be also a tool to solve bullwhip effect or at least reduce it. 

Information management has impact on forecasting, ordering policies and inventory 

as well. Supply chain performance can highly depend on it. 

It can be also recognized that the direction of research is performance 

measurement, BWE appear as a smaller part, component of research. Staying with the 

example of Dmitry Ivanov bullwhip effect is not the centre of the research. Ivanov is 

focusing on supply chain disruption, ripple effect and control theory. Bullwhip effect 

is appearing in the research as influencing factor. The research made is more likely to 

be carried out first on performance measurement and then on bullwhip effect. 

 

2.3.3. Customer focus concept 

 

Beside the two concepts mentioned before we can find a third approach. The 

starting point in this perspective is the customer. Ordering and inventory policies are 

not relevant directly for the customer. Also, the global performance of the supply 

chain is out of scope for this perspective. The more relevant information regarding 

bullwhip effect is the price and promotions. In the literature not only the supply chain 

related impacts of the BWE are investigated but also the more customer and sales 

focused outcomes. Bullwhip effect can result in lost sales and service level problems. 

(Trapero & Pedregal, 2016) 

There are several research and approach regarding promotions and prices as it is 

one of the major causes of bullwhip effect. Market demand and supply is commonly 

considered as cause of price dynamics. Different results are also presented regarding 

pricing. Tai et al. conclude that last period price and demand has larger impact on 

bullwhip effect than the current period. This shows that pricing strategy (steady or 

dynamic) should be defined based on last period result. (Tai et al., 2019) Competitor 

behaviour is also analysed regarding the price. Bigger bullwhip effect is expected if 

competitors influence the prices more. Due to this fierce competition leads to bigger 

bullwhip effect. (Ma & Bao, 2017) 
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Promotional activities play important role in retail stores, it has been proven by 

an A.C. Nilsen survey. Based on this constant price does not seems satisfactory to 

maximize profit. This goes contrary with BWE theoretical research regarding 

stabilization of prices. From marketing perspective, it has been studied that promotion 

can be beneficial even for supply chain system if it is properly designed. With greater 

frequency of the deals, peaks expected to be smaller. Su and Geunes study shows the 

coexistence of the bullwhip effect and increased system profit. Several factors need 

to be considered here: discount needs to be set judiciously; proper number of 

customers need to be interested to buy the discounted product; decreased price should 

not lead to significant level of forward buying. Profit generated with promotion partly 

ends up at the retailer level, extra costs mostly realized at supplier level. This need to 

be counted as well to see if it worth to implement activity. It needs to be defined if 

cost of bullwhip effect is higher than the potential extra profit generated. (Su & 

Geunes, 2012) 

Beside promotions customer satisfaction is also important. Service level is 

considered as quantitative measure for the supply chain. (Bandyopadhyay & 

Bhattacharya, 2014) It has been also studied how changes of service level requirement 

influence the level of bullwhip effect. Based on Khosroshahi et al. by increasing the 

required percentage of service level impact on bullwhip effect will also increase. The 

higher service level is required the more impact on bullwhip is expected. As the 

service level requirements in the practice are getting higher and higher this aspect and 

the cost related to it is also worth to be checked. The reason behind this correlation is 

that higher service level requires greater order size fluctuation. (Khosroshahi et al., 

2016) 

 

 

3. CONCLUSION  
 

There is widespread interest in regards bullwhip effect. There are several 

researchers investigated the topic in the past more than 20 years. This article is 

presenting the last four years research network. On author level both research groups 

and individuals can be found. Typically, the main authors of the research groups have 

co-author connections also out of group with other researchers, organizations. The 

network of the institutions is even more complex. The threshold of five article per 

institution can be met easier, more data is present. We can see that common work; co-

authorship generates dense and complex network on organization level. 

Performance measurement is a highly connected area. Bullwhip effect has high 

impact on the supply chain performance, it worth to check the two area also connected 

to each other. We can find the institutions that are actively taking part in research in 

this engraving area. Checking the authors publishing it is mainly seen that the 

researchers of the broader performance measurement topic conducts sub-research on 

the more specific bullwhip effect topic. They mainly focus on the impact of bullwhip 

effect on the supply chain global performance or on performance measurement 

systems. 

Checking the scientific landscape generated by the network of authors and 

institutions bullwhip effect schools or research perspectives can be defined. The first 
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group is deeply investigating the phenomenon. They deep dive on reasons, 

consequences, and possibilities of elimination. Second group is emphasizing this 

phenomenon as a part of the bigger picture, from global strategical perspective. BWE 

is generating malfunction and negatively affect the performance of the supply chain. 

This group check how this affect the other performance related questions. The third 

group is focusing on the customer. Pricing, promotion, and service level is mostly 

relevant for this perspective. As price is one of the main reasons behind the bullwhip 

effect it is also crucial to put focus on that as well.  

As this research is limited only to the last four years period to further 

investigation extension of the examined time frame is suggested. It worth to check the 

last ten years and compare the results with the narrowed time frame. It is also possible 

to narrow down the research by choosing a specific performance measurement tool. 

As the goal is to support the practical application of the scientific researches Balanced 

Scorecard (BSc) could be an examined measurement system. BSc is widely used in 

practice that makes it proper performance measurement tool for this check.  
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Abstract 

 

Supply chain resilience is a topic long discussed, however, spread of the newly 

emerged COVID-19 virus pandemic in 2020 and subsequent application of measures 

to deal with it had strong impact on supply chains. One of the challenges of 2020, 

which companies had to face, was a sudden change in demand. While commonly 

known forecasting methods are able to estimate demand that behaves according to the 

historical experience, need for different approach to sudden shifts in demand both up 

and down, arose. Research into comparison of such methods was carried out and they 

were tested on data from the outbreak of COVID-19 virus pandemic crisis in the 

Czech Republic, when applied measures and concerns of people caused a significant 

change that had impact on the demand for various goods. 

 

Key words: supply chain, supply chain resilience, demand forecasting, Covid-19, 

mean absolute percentage error (MAPE) 

 

 

1. INTRODUCTION 

 

A famous quote of Danish origin (mostly incorrectly attributed to Niels Bohr) 

says that: “It is difficult to make predictions, especially about the future…”. This 

opinion is widely accepted, although many scientists work hard to make their 

predictions as precise as possible, not to mention many demand planners, trying to 

predict the “unpredictable”. What worries those people most is the situation when 

some previously unknown variables appear. These can be sudden demand which 

increases or decreases respectively, or potential deviation, disruption or disaster 

affecting supply chains (Tang, Chung-Piaw, & Kwok Kee, 2008). War conflicts 

(e.g. Iraq 2003-2007), natural disasters (e.g. Taiwan earthquake in 1999, ash-cloud 
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from Islandic volcanoes, or earthquake in Japan in 2011) can be considered such 

events with critical consequences to the part or the whole global supply chains 

(Dvorak, Sventekova, Rehak, & Cekerevac, 2017) and (Bernatik, Senovsky, 

Senovsky, & Rehak, 2013). One of the latest events was the outbreak of the COVID-

19 virus pandemic crisis and its mitigation, especially during March and April 2020. 

Although there is an ongoing expert discussion dealing with the potential 

consequences of COVID-19 virus pandemic on the overall social lives, business and 

international trade, there is not unequivocal consent, especially on the long-term 

impact, proper reactions and further appropriate prediction possibilities (Tulach & 

Foltin, 2019). The truth is, that the impact of COVID-19 virus pandemic crisis on the 

natural global supply chains reached all three standard broad forms of the 

management of risk in global supply chains - deviation, disruption and disaster to 

supply chains, where (Christian & Griffiths, 2016): 

• Deviation occurs when one or more parameters (e.g. costs, demand, lead-time, 

etc.), within the supply chain system stray from their expected or mean value 

without any changes to the underlying supply chain structure; 

• Disruption occurs when the structure of the supply chain system is radically 

transformed, through the non-availability of certain production, warehousing 

and distribution facilities or transportation options due to unexpected events 

caused by human or natural factors; 

• Disaster is defined as a temporary irrecoverable shut-down of the supply chain 

network due to unforeseen catastrophic system-wide disruptions. 

Due to overall consequences to global supply chains, material, information and 

financial flows, COVID-19 virus pandemic crisis could be categorized from a global 

point of view as a disaster to supply chains. From regional point of view the mixture 

of the disruption and disaster appeared. Similarly, post COVID-19 consequences as 

disruption, due to previous deep disfunction of supply chains, but also due to creating 

oversupplies individually stored in companies´ warehouses and individual properties 

can appear (Volkin, 2020). For prediction of future demand for stocks and reaction to 

the need of society and business (Urban & Hoskova-Mayerova, 2017), it is necessary 

to keep in mind preventive measures reached in advance before the crisis occurs, 

immediate reaction during the crisis, and reaction later during the phase of supply 

chains reconciliation and restoration. These supply chain security, resilience and 

recovery requirements were properly represented by Brian and Griffiths as a butterfly 

depiction of the risk in supply chain network (Christian & Griffiths, 2016), see Fig. 1. 



20th international scientific conference Business Logistics in Modern Management 
October 7-9, 2020 - Osijek, Croatia 

 

 

167 

   

Figure 1. Butterfly depiction of risk by a network of risk events. 

 
Source: (Christian & Griffiths, 2016) 

There are sets of preventive, immediate and reactive measures on global and 

local levels (Foltin, Vlkovský, Mazal, Husák, & Brunclík, 2018). 

 

 

2. CURRENT APPLICABLE METHODOLOGICAL APPROACHES 

 

Although basic forecasting methods are known for decades, e.g. (John, Satinder, 

& Donald, 1971), many organizations still rely on human expertise in forecasting and 

ordering process. This can partially be an advantage in sudden changes in demand as 

people dealing with demand forecasting can spot the change to deal with it with more 

or less success. Current trends in supply chain digitalization focus more on employing 

systems where forecasting methods are used with various degrees of human 

assistance. 

 

2.1. Forecasting methods 

 

Common approach to demand forecasting, based on data and quantitative 

methods, is time series analysis, pattern searching and causal model. Both time series 

analysis and causal models rely on past time series data and although neural networks 

and pattern searching methods are now more available, still those methods are not 

able to forecast any sudden change that did not occur in the history. Essentially, they 

try to extract the future from the past. 

 

2.2. Ordering based on forecast 

 

Most commercial software packages use some variations of reorder point (ROP) 

ordering. If reorder point is reached then the order is generated. However, 
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determination of reorder point is the most difficult task. Common approach is based 

either on average consumption during the lead-time or forecast during the lead time. 

Both can be added by a safety stock as a measure against uncertainty in both lead time 

and forecast or average demand. 

Safety stock is calculated based on the error of forecast. None of them is prepared 

for the situation when forecast error rapidly increases or when current demand 

significantly diverges from the past demand. See Fig. 2 for sales of soap and standard 

deviation of the forecast calculated based on past 180 days with a testing period of 2 

days on which the deviation is calculated as: 

𝜎 = √
∑ 𝑆𝑖 − 𝐹𝑖

2𝑘
𝑖=1

𝑁 − 1
 

where: 

• 𝑆𝑖 … sales for a given period 

• 𝐹𝑖 … forecast for a given period 

• 𝑁 … number of periods 

 

Figure 2. Sales of soap with standard deviation of forecast 

 
Source: own 

 

Potential to use the calculation of standard deviation for calculating reorder 

points is discussed in further sections. 

 

2.3. How fast can traditional methods react 

 

The issue with traditional time series methods is that they may not be fast enough 

to react to sudden change in demand (Foltin, Gontarczyk, Swiderski, & Zelkowski, 

2015). Forecasting process is often done monthly or weekly and the corresponding 

ordering process is based on either the split or daily share of forecast. The ability to 

react to change is then the length of the forecasting window. So, if the forecasting is 

done on a monthly basis, the time window for reaction is one month. This is usually 

not a problem if orders are issued once a month, but in dealing with fast moving 

consumer goods in retail it is usual to react more often, even on daily basis. There are 

several approaches to deal with forecasting of daily data. One is the method of 

calculating daily ratios and splitting the monthly forecast accordingly. In retail, it is 

often a better approach as sales tend to be heavily influenced by days in the week, 

holidays and similar factors. If the ordering model based on sum of forecasted sales 
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in the lead time period is used, forecast for that period must be calculated first. To do 

so, a finer granularity of data to be taken into account is needed. However, relying on 

monthly forecast in the time of disruption is not fast enough. With this approach, the 

process should deliver suggestions based on the wrong data. It is clear that the daily 

data to trigger a new process must be monitored if it indicates the sudden change in 

demand. 

 

 

3. RESEARCH AND METHODOLOGICAL APPROACH TO THE SUPPLY 

CHAIN DURING COVID-19 VIRUS PANDEMIC AND POST COVID-19 

VIRUS PANDEMIC SITUATION 

 

Manufacturers, that rely on labour-intensive processes that require people work 

closely together, were disrupted because of social distancing requirements. Similarly, 

production that relied on spring harvest might have been in short supply in summer 

due to labour shortage (Volkin, 2020). Similarly, transportation routes were at risk 

due to potential COVID-19 disease and also deviation from planned delivery times 

was bigger due to testing drivers for COVID-19 infection on every border crossing. 

Based on related research, the supply chain losses related to initial COVID-19 virus 

pandemic lockdowns were largely dependent on the number of countries imposing 

restrictions and that losses were more sensitive to the duration of the lockdown than 

on the strictness. Stricter and shorter lockdowns could minimize overall losses. A “go-

slow” approach to lifting restrictions may reduce overall damage if it avoids the need 

for further lockdowns (Lauri, 2020). 

While it is essential to quickly adapt to sudden disruptions, it is necessary to take 

into account the efforts of customers and consumers to pre-supply food and other 

products during the onset of the Covid-19 virus pandemic crisis, which will in turn 

affect demand for these products once the situation returns to normal.,  

In available time frame, mitigation of potential supply chain disruptions together 

with preventive, response and reactive measures are critical for economic, effective 

and efficient solutions. There is no rulebook for so wide disruptions on the global 

scale and scope, as due to COVID-19 virus pandemic or similar crisis. A resilient 

supply chain must be able to detect disruption early warning signs and respond by 

shifting production to alternative sources (Volkin, 2020). For this reason, appropriate 

approaches to the identification of future demand and availability of supply are 

crucial, for which appropriate forecasting methods and approaches are needed (Foltin, 

Brunclik, Ondryhal, & Vogal, 2018). Standard approaches and tools for logistics 

analysis are (Tang, Chung-Piaw, & Kwok Kee, 2008): 

• Descriptive analytics to check out the past performance of the supply chain 

based on data mining to gather raw information from the supply chain; 

• Predictive analytics to identify the possible future trends and test the potential 

scenarios; 

• Prescriptive analytics to identify what could happen and how to deal with 

potential future scenarios; 

• Performance metrics to properly identify the effectiveness and efficiency of 

adopted plans in comparison to the real results; 
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• Hybrid performance measurement, as a complex form of chain analysis, 

combining several methods based on the hierarchy of identified objectives. 

 

It is possible to agree with Taleb that businesses (and supply chains in particular) 

should prepare themselves for unexpected events and be “antifragile” (AKIpress 

News Agency, 2020), but the question remains how many of them follow the advice? 

What should supply chains be prepared for? It is something that is hard to predict, has 

an impact which is unknown and will last for an unknown time. So, what are the 

necessary procedures for the elements of supply chains if they are struck by such an 

event? The presented research first summarized known forecasting methods of the 

demand and discussed their potential to react fast enough to the sudden changes in 

demand. 

Main research question is the identification of the key aspects and possible 

applicable methodological approaches to predicting impacts of highly uncertain and 

further evolving COVID-type disruptions to supply chains and its elements. 

 

 

4. METHODS FOR IDENTIFYING SUDDEN CHANGE 

 

Traditional methods for forecasting based on the time-series show a time delay 

("lag") behind the real course and at the same time they smooth past data (i.e. they 

reduce the weight/significance of any deviations from the average). Therefore, they 

deal with higher sales as extremes which is a right thing to do in the longer perspective 

as the time of disruption is over, however, this leads to suboptimal behaviour during 

the disruption. For the sake of identifying the sudden change, it is possible to use 

change-point detection methods, which were mainly developed in the field of signal 

processing. These methods are divided into two basic groups: 

• Offline methods; 

• Online methods. 

The difference is that with the offline methods, it is possible to search for all the 

change-points in the given time series while the online methods, which were attempt 

to be identified in the research carried out, are based on the last data received and their 

signal changepoints. In supply chain, operation context is usually long (typically 1 

day) for the time frame for new data to arrive, so it is possible to use both online and 

offline methods for change-point detection (Wambui, Waititu, & Anthony, 2015): 

• PLR - Piece wise linear regression; 

• PELT - Pruned exact linear time; 

• MACD - Moving average convergence divergence. 

By employing methods mentioned above, it is possible to benefit from being 

alerted with just a 1-day delay about the disruption, so the time to react is provided. 

The Python library Ruptures which cover dynamic programming, PELT, Binary 

segmentation, Bottom-up segmentation and Window-based change point detection 

were used for the purpose of testing the methods mentioned above (Truong, Oudre, & 

Vayatis, 2020). The PELT method from the library was used as it has a linear 

computational cost. 
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A sample of the Stock-Keeping Units (SKUs) in the Czech retailer operations 

was tested to find out if an algorithm can find the change points in sales. Results can 

be seen in the following Figures 3 -7. 

 

Figure 3. Sales of soap with change-point on 27 February 2020

 
Source: own 

 

Figure 4. Sales of potato mash with change-point on 26 February 2020 

 
Source: own 

 

Figure 5. Sales of rice with change-point on 26 July 2020

Source: own 



Improving supply chain resilience through methods of fast adaptation to sudden demand shifts in the… 
Petr Tulach and Pavel Foltin 

   

172 

 

Figure 6. Sales of whole grain flour with change-point on 13 March 2020

 
Source: own 

 

Figure 7. Sales of bread flour with change-point on 22 February 2020 

 
Source: own 

 

As can be seen in the chart, the sales increase corresponds to the news regarding 

COVID-19 virus pandemic spread in Europe. This happened approximately on the 26 

February and followed with run on supermarkets. 

From Fig. 4 it can be seen that the algorithm can identify the change point even 

in the presence of past increase in sales in November 2019. It can also be noted, that 

this algorithm also found an increase in sale of rice (see Fig. 5), which was constrained 

by a limited supply. 

 

 

5. DISCUSSION ON CHANGE UNDERSTANDING 

 

When the change was identified, it was appropriate at first to understand what 

happened within the supply chain. First information was obtained from the data, 

regarding the fact whether the change was positive or negative. Negative change is 

more convenient from the point of view of the supply chain operations. It is possible 

just to wait until available stocks are depleted by decreased demand which obviously 
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takes longer time. If the change is positive, it is necessary to understand what 

happened and estimate the shape of the future demand. It was possible to identify 

certain patterns in available data and bring a possible explanation based on the 

situation in the Czech Republic from the following charts (Figs. 8-12). Consumer 

behaviour can vary based on the culture and situation. 

For the article of soap, shown in Fig. 8, the change point was identified on 27 

February. It was possible to identify how the organisation selling this product reacted 

to increased demand by ordering stock which was not sold as the demand sharply 

decreased after two weeks of stock-outs. Start of the increased sales corresponds with 

the beginning of the first news regarding COVID-19 virus pandemic spread in Europe 

broadcasted in the Czech Republic. 

 

Figure 8. Soap weekly sales and stock 

 
Source: own 

 

Customers also started accumulating long-lasting products, as shown in Fig. 9 

with sales of rice. The organization reacted to the increased sales (and probably to the 

information from the media) and prepared itself for increased demand. However, they 

failed in the expectation that overall sales during this “stockpiling” period would 

finally lead to declining demand. It was possible to identify two distinct patterns of 

demand decrease: one in Fig. 9 and one in Fig. 10. In the case of rice, the demand 

decreased to previous levels, however, in the case of bread flour, it decreased only 

slightly, but stabilized on levels higher than before. The cause may be in the fact that 

with closed restaurants and overall lockdown in the Czech Republic which lasted to 

the half of May, people decided to prepare more food at their homes, which led to 
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higher demand as people even started baking bread at home and some of them have 

continued with this even later. 

 

Figure 9. Rice weekly sales and stock 

 
Source: own 

 

Figure 10. Bread flour weekly sales and stock 

 
Source: own 
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5.1. Beware of stockouts 

 

The data about demand can be distorted by the failure to meet the demand in the 

situation when it increases suddenly. In Fig. 11, it is possible to identify that sales 

were limited by the available stock. This can lead to false observation that the demand 

decreased. The demand can still be present, however, due to insufficient stock, the 

information in the sales data is missing. It is remarkable that the organization tried to 

resupply the stores, however, probably too late and with an assumption that it would 

be as high as in the previous week. This led to the excess of the product inventory 

with a short expiration date: yeast in this particular case. 

 

Figure 11. Yeast weekly sales and stock

 
Source: own 
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Figure 12. Forecast error and sales of soap 

 
Source: own 

 

It was necessary to evaluate the data of past sales together with the data of past 

inventory levels. Periods with no sales and zero (or very small) inventory levels were 

probably caused by unavailability of the product and the sales time series had to be 

adjusted with the estimate of lost sales. For this purpose, interpolation is often used. 

 

5.2. Dealing with the change 

 

For manually improving the forecast with limited hard data to create a forecast 

from a demand planner, two different approaches can be used. One is quite common 

and is based on a human guess making use of previous information the planners have. 

This can be the data from the market research or information available from the media 

or consideration based on announcement of measures defined by public 

administration. This can be only done in cases when a relatively small number of 

SKUs to forecast and/or enough demand planners to forecast them are available. 

Adjusting safety stock if the organization has a system or process for forecasting 

should at least employ methods for dealing with the growing forecast error. Typically, 

the reorder point (ROP) is calculated as: 

𝑅𝑂𝑃 = 𝑆 ∗ 𝐷𝐿𝑇  

where: 

𝑆 … safety stock defined as 

𝑆 = 𝜎𝐹 ∗ 𝑆𝐹 
where: 

𝜎𝐹 … standard deviation of a forecast error  

𝑆𝐹  … service factor (an inverse normal cumulative distribution for a given 

service level) 

𝐷 … forecasted demand for the given lead-time 

When the 𝜎𝐹 is adjusted for a lead-time period, we receive a 𝜎𝐿 , then 𝑅𝑂𝑃 can 

be calculated as: 

𝑅𝑂𝑃 = 𝐷 + 𝜎𝐿 ∗ 𝑆𝐹 
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It can be seen from Fig. 12 that when maintaining the forecasting method (in this 

particular case Holt-Winters exponential smoothing), the forecasting error increases 

as well as the calculated safety stock. 

The system or process are set to automatically calculate the forecasted demand 

over the lead-time period and it automatically calculates also the error of forecast 

based on training data when the orders automatically increase due to increased safety-

stock even if the forecast is not using the real data. What needs to be validated is the 

issue whether this approach does not lead to significant overstocking. 

 

5.3. Going back to normal 

 

Character of sudden changes in demand can differ. Some events in the history of 

mankind led to temporary changes in customer behaviour, where some of them can 

last for a long time or become permanent. It is therefore of the utmost importance to 

identify the end of such disruption. It is necessary for the forecasting process to mark 

the event and clean the time series from its effect. Same methods as described in the 

chapter 4 “Methods for identifying sudden change”, can be used here. 

 

 

6. CONCLUSION 

 

The purpose of the research was to describe the situation of sudden demand 

changes in supply chains on examples related to the Czech Republic and explore the 

possibilities of currently available methods to deal with the sudden changes in 

demand. Suggestion for organizations dealing with the possibility of sudden change 

in demand, resulting from the research, can be described in five steps: 

1. Employ forecasting models in the organization; 

2. Make sure changes in demand are identified and reported; 

3. Understand the causes of sudden demand changes and impact on 

investigated supply chain; 

4. React to the demand changes and to identified impacts on supply chain; 

5. Identify the end of the disruption and record the disruption as such for 

further forecasting process. 

Forecasting based on time series data is widespread, but not a robust way to deal 

with sudden changes in demand. While there are many software programs on the 

market that promise to forecast the future, they only rely on the data and information 

that are provided to them. No “crystal ball” exists and it is unwise to expect software 

or methods to perform well in situations that did not happen in the past. Further 

research is recommended to evaluate methods for the identification of sudden changes 

and methods for rapidly changing forecasting methods used in the forecasting process. 

Still the first reaction of such software should be to alert its users that unexpected 

change is going to occur and which SKUs are going to be affected. The proposed 

method for evaluating a difference between the forecasted sales and actual sales data 

seems promising but further research should be dedicated to adjusting the parameters 

of such differences and testing it for both false positive and false negative results. 
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Abstract 

 

Warehousing and transportation support activities are an important part of the 

overall transportation sector. COVID-19 outbreak requires a prediction of future risks 

contingent in the overall economic predicament. The purpose of this paper is to 

contribute to the analysis of possible adverse effects of this crisis on the Warehousing 

activity. We analysed a 10-year panel from 2008 to 2017 of 13 latest European Union 

member countries: Bulgaria, Croatia, Cyprus, Czech Republic, Estonia, Hungary, 

Latvia, Lithuania, Malta, Poland, Romania, Slovenia, and Slovakia, and their data 

representing the “Warehousing and support activities for transportation” of the overall 

“Transportation and storage sector”. We differenced the data to achieve stationarity 

and to lose the idiosyncratic effects present in the coefficients. We regressed the 

variables representing the overall economy on warehousing and transportation support 

activities. The null hypothesis of no-causation may be rejected for most causal 

conjectures with three successive test methods: Panel Pairwise Granger Causality test, 

Panel Estimated Generalized Least Squares with Fixed Effects, and Panel Generalized 

Method of Moments with First Differences. We conclude the changes in the overall 

economy have an impact on warehousing and transportation support activities in terms 

of its value added. 

 

Key words: warehousing, transportation support activities, panel analysis. 
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1. INTRODUCTION 

 

The modes of transportation are air transportation, railway transportation, 

waterway transportation including sea and land waterways, land transportation 

including road and pipeline. The transportation and warehousing activities include 

transportation of passengers and cargo, warehousing and storage for goods, as well as 

support activities related to modes of transportation. Warehousing and transportation 

support activities are an important constituent part of the overall transportation sector. 

Not disregarding the importance of other transportation and warehousing activities, 

we concentrate on warehousing and transportation support activities (H52) and try to 

conjecture its relationship with other component parts of transportation and total 

economic value added. 

We tentatively test the hypothesis of Granger causation as well as correlation 

between overall value added and the value added of the warehousing and 

transportation support activities. This is the consequence of our conjecture that the 

changes in the overall economy have an impact on warehousing and transportation 

support activities in terms of its value added. We were primarily motivated by the 

assumption of the downward trend in economic prospective caused by COVID-19.  

Economic predicament caused by the COVID-19 outbreak indicates possible 

adverse changes in the time series of Transportation sector data. The data for the 

present year (2020) are still not available, but by testing the impact of changes from 

the overall economy (all economic sectors) to the Warehousing and support activities 

for transportation (H52) we might be able to predict the adverse effects of the COVID-

19. We analysed a 10-year panel from 2008 to 2017 of 13 Central and Eastern 

European Countries: Bulgaria, Cyprus, Czech Republic, Estonia, Croatia, Hungary, 

Lithuania, Latvia, Malta, Poland, Romania, Slovenia, and Slovakia. We specifically 

targeted the new EU member states as they represent a homogenous group from the 

economic perspective. We used available data that was statistically commensurable. 

We specifically put under scrutiny the data representing the H52: Warehousing 

and support activities for transportation as part of the overall H: Transportation and 

storage sector. We analysed the 10-year time series data of transportation and storage 

industry activities as well as their mutual correlation and correlation with the overall 

economic activity. The activities of the transportation and storage sector (H) 

according to the Nomenclature of Economic Activities (NACE) are: land transport 

and transport via pipelines (H49), water transport (H50), air transport (H51), 

warehousing and support activities for transportation (H52), and postal and courier 

activities (H53). We put under scrutiny also the warehousing and support activities’ 

employment classified in micro, small, medium and large enterprises according to the 

number of employees (less than 10, 10-49, 50-250, and more than 250). Longitudinal 

datasets dictate a panel analysis. The review of the literature describing the panel 

analysis is found at the beginning of the next chapter, and the description of the dataset 

as well as the choice of specific methods that were used is described in chapter 3 Data 

and Methods.  
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2. LITERATURE REVIEW 

 

Panel analysis comprises a set of statistical methods that is speedily developing 

during the last two decades (Arellano, 2003, Baltagi, 2005, and Wooldridge, 2010), 

but also improving on past time-series analysis methods such as Granger non-

causality (Granger, 1969). These methods are widely used to test conjectures of 

strictly social phenomena (Mance and Pečarić 2016, Mance et al. 2020,) as well as 

strictly natural phenomena (Mance at al. 2018a and 2018b). The methods we used are 

static such as Panel Estimated Generalized Least Squares (Panel EGLS) with Fixed 

Effects Panel EGLS as well as dynamic GMM (Mance at al. 2018b, Mance et al. 

2020). Some of the methods were already used on a smaller data subset when 

researching the determinants of maritime passenger transport to Croatian islands 

(Debelić et al. 2019). Transportation and transportation support activities have been 

analysed in the context of the European common market by Pantazi and Vlachos 

(2019). Pantazi and Vlachos (2019) analysed how the global financial and economic 

crisis of late 2000s had affected the economic activity of European transport. Their 

conclusion is that these activities are indispensable for the functioning of the internal 

market. As far as we know, there are no detailed analyses of warehousing and support 

activities for transportation in Central and Eastern Europe except for a paper by 

Zawieja-Żurowska and Zimny A. (2014). They estimated that the costs of 

transportation and warehousing constitute about 10-15% of the cost of finished 

products. If that is the case, there are at least two reasons we need a thorough study of 

the warehousing and transportation support activities. Firstly, we need an analysis of 

the causal mechanics of the industry, and secondly, we need an estimate of the 

consequences for the industry. For a comprehensive overview of the importance of 

warehousing in the global supply chain see Manzini (2012). As for specific country 

based case studies Jurgelane-Kaldava et al. (2019) conclude that transportation and 

warehousing industry plays an important role in Latvian economy. Not only it 

generates significant share of the value added (9.2% in 2017), but it also ensures 

exports of transport services (12.7% of the total exports of goods and services in 

2017). Bazaras & Palšaitis (2017) performed surveys of the situation of logistics in 

Lithuania, providing a comprehensive analysis across transportation activities (from 

H49 to H53). The purpose of the research is to estimate potential consequences of an 

economic downturn caused by COVID-19 or similar contingencies with adverse 

effects on a set of countries with similar economic origins. A relatively small number 

of studies are present at the time (Deloitte, 2020). Their study concludes that the 

pressure on organizations during this coronavirus pandemic has shifted from moving 

citizens to keeping a core transportation system operational, thus changing the source 

of revenue from persons to goods. Deloitte (2020) warns of a potential substitution 

effect between persons and goods. Organizations will need to increase their planning 

activities to ensure that transportation resumes its activities. We analyse the relations 

of the transportation sector with the warehousing and transportation support activities, 

as well as possible effects of a downfall in overall value added. 
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3. DATA AND METHODS 

 

We analysed a 10-year panel from 2008 to 2017 of 13 newest European Union 

member states: Bulgaria, Cyprus, Czech Republic, Estonia, Croatia, Hungary, 

Lithuania, Latvia, Malta, Poland, Romania, Slovenia, and Slovakia. We used sectorial 

data for the non-financial business economy according to the NACE nomenclature 

from B-J and L-N (European Commission, 2019). We specifically put under scrutiny 

the data representing the warehousing and support activities for transportation (H52) 

part of the overall transportation and storage sector (H). We differenced the data to 

achieve stationarity, and regressed variables of the overall economy sectors as well as 

components of the transportation and storage sector (value added, employment, and 

number of enterprises) on warehousing and transportation support activities. By 

differencing the data, we actually ask the most common empirical question in 

economics: how a change in one variable, causes a change in another variable, 

whereby the hypotheses are falsified (Popper, 2002). The causal relationship between 

warehousing and support activities for transportation (H52) and other components of 

the overall transportation and storage sector (H) as well as the overall economy could 

be in either or both directions, or without any relation. Thus, we wanted to start with 

the simplest of tests specifically thought of to falsify temporal causalities: the 

“Granger causality” test. Granger causality is a statistical intertemporal concept of 

correlation with lagged variables (Granger, 1969). The test cannot confirm an actual 

causal relation as no test actually is able to master such a thing, but it is able to falsify 

an actual intertemporal correlation since the cause precedes the effect. If an 

independent variable Χ Granger causes a dependent variable Υ, then past values of Χ 

(Χt-1, Χt-2, …, Χt-n), as well as past values of Υ (Υt-1, Υt-2, …, Υt-n) should contain 

information that could help predict Υt+1. A Granger-causality test has several 

limitations. It depends entirely on linear relationships between variables. Variables 

need to be stationary in level and trend to avoid spurious regressions. Thus, in most 

cases, the data needs to be differenced, what destroys valuable information. Granger 

causality depends entirely on the appropriate selection of observable variables: no 

factor (latent variable) analysis is possible. Granger-causality test is designed to 

handle pairs of variables, and not for co-integrated relationships involving three or 

more variables. Firstly, we performed a Panel Pairwise Granger Causality test 

between all relevant variables (table 1). Secondly, we ran a Panel Estimated 

Generalized Least Squares (EGLS) test between differenced variables of the 

transportation and storage sector (H) and warehousing and support activities (H52) 

and the value added of the overall economy (table 2). Panel Estimated Generalized 

Least Squares (EGLS) is a technique for estimating the unknown parameters in a 

linear regression model when there is a certain degree of correlation between the 

residuals in a regression model. In these cases, ordinary least squares and weighted 

least squares can be statistically inefficient, or even give misleading inferences. 

Lastly, we performed a Panel Generalized Method of Moments (GMM) First 

Differences (FD) test on the H52: Warehousing and the overall H: Transportation and 

storage sector value added variables. Panel GMM FD has several advantages over 

other tests. By differencing, the fixed effect, the possible autocorrelation, and any 

unit-root processes are removed from the data. In this way we control for unobserved 
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heterogeneity among observed countries when this heterogeneity is constant over 

time. Since lags of the dependent variable are necessarily correlated with the 

idiosyncratic error we test the residuals with the Arellano-Bond GMM estimator 

(Arellano and Bond, 1991). 

 

 

4. RESULTS AND DISCUSSION 

 

We analysed a panel of a 10-year time series data in 13 new European Union 

member countries for various transportation activities. We tested the data for 

stationarity as most tests require inputs without unit root effects (table 1). 

  

Table 1. Panel unit root test of total employment in warehousing (H52) 

Method Statistic Prob. Cross-sections Obs 

Null: Unit root (assumes common unit root process) 

Levin, Lin & Chu t* -8.64429  0.0000 13  104 

Breitung t-stat  0.03431  0.5137 13  91 

Null: Unit root (assumes individual unit root process) 

Im, Pesaran and Shin W-stat  -1.22248  0.1108 13  104 

ADF - Fisher Chi-square  51.0998  0.0023 13  104 

PP - Fisher Chi-square  46.5232  0.0080 13  117 

Data source: European Commission (2019); Calculation: Eviews 9. 

 

According to the panel unit root test statistics’ summary, we cannot reject the 

null-hypothesis of our data assuming common root processes, ie non-stationarity. We 

get similar results with other variables too: value added of the overall transportation 

and storage sector (H) and its component activities from H49 to H53, as well as overall 

economic value added and employment. After differencing, the data assumed 

stationarity, whereby we show an example of the stationary data test statistics in table 

2. One of the direct consequences of data differentiation is that we end up working 

with changes of the primary variables by asking a typical economic question of how 

a change in variable Χ correlates with the change in variable Υ. 

After differencing, we achieved stationarity of the analysed variables. Table 2 

shows an example of the panel unit root test after differencing. We can reject the null 

hypothesis of both common and individual unit-root processes with a confidence of 

p<0.001 (table 2). 

 

Table 2. Panel unit root test of total employment in warehousing (H52) 

Method Statistic Prob. Cross-sections Obs 

Null: Unit root (assumes common unit root process) 

Levin, Lin & Chu t* -6.78574  0.0000 13  104 

Null: Unit root (assumes individual unit root process) 

Im, Pesaran and Shin W-stat  -3.21568  0.0007 13  91 

ADF - Fisher Chi-square  60.1327  0.0004 13  91 

PP - Fisher Chi-square  91.8026  0.0000 13  104 

Data source: European Commission (2019); Calculation: Eviews. 
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We regressed the changes in the value added of various “Transportation and 

storage sector” (H) of the European Union’s Nomenclature of Economic Activities 

(NACE) component variables as well as variables representing the value added of the 

overall economy against warehousing and transportation support activities (H52). The 

results of Panel Pairwise Granger Causality tests are shown in table 3. 

 

Table 3. Results of Panel Pairwise Granger Causality tests (104 observations, lag 1) 

Nr. Null Hypothesis F-Stat. Prob. 

1 D(VA ALL TOTAL) doesn’t Granger Cause D(VA H52 TOTAL) 29.6401 4∙10-7 

2 D(VA H52 TOTAL) doesn’t Granger Cause D(VA ALL TOTAL) 3.8801 0.0516 

3 D(VA H TOTAL) doesn’t Granger Cause D(VA H52 TOTAL) 30.7623 2∙10-7 

4 D(VA H52 TOTAL) doesn’t Granger Cause D(VA H TOTAL) 7.2429 0.0083 

5 D(VA H53 TOTAL) doesn’t Granger Cause D(VA H52 TOTAL) 19.8065 2∙10-5 

6 D(VA H49 TOTAL) doesn’t Granger Cause D(VA H52 TOTAL) 26.8401 1∙10-6 

7 D(VA ALL TOTAL) doesn’t Granger Cause D(VA H52 250+) 50.0109 2∙10-10 

8 D(VA H TOTAL) doesn’t Granger Cause D(VA H52 250+) 53.4879 6∙10-11 

9 D(VA H49 TOTAL) doesn’t Granger Cause D(VA H52 250+) 43.5011 2∙10-9 

10 D(VA H53 TOTAL) doesn’t Granger Cause D(VA H52 250+) 32.7917 1∙10-7 

11 D(VA H49 ALL SME) doesn’t Granger Cause D(VA H52 TOTAL) 8.9072 0.0036 

12 D(VA H52 ALL SME) doesn’t Granger Cause D(VA H49 ALL SME) 8.4970 0.0044 

13 D(VA H52 ALL SME) doesn’t Granger Cause D(VA H53 ALL SME) 13.1731 0.0004 

14 D(VA H52 TOTAL) doesn’t Granger Cause D(VA H50 TOTAL) 10.3119 0.0018 

15 D(VA H52 TOTAL) doesn’t Granger Cause D(VA H50 ALL SME) 7.2871 0.0081 

16 D(VA H52 ALL SME) doesn’t Granger Cause D(VA ALL TOTAL)  5.2387 0.0242 

17 D(VA H52 ALL SME) doesn’t Granger Cause D(ENT ALL SME)  4.0793 0.0461 

18 D(VA H51 TOTAL) doesn’t Granger Cause D(VA H52 TOTAL) 5.5311 0.0206 

19 D(VA H51 ALL SME) doesn’t Granger Cause D(VA H52 TOTAL) 4.3306 0.0400 

Data source: European Commission (2019); Calculation: Eviews. D – First difference, VA – 

Value Added, SMEs – Small and Medium Enterprises. H49 – Land transport and transport via 

pipelines, H50 – Water transport, H51 – Air transport,  

H52 – Warehousing and support activities for transportation, H53 – Postal and courier 

activities. 

 

The results of the Pairwise Granger Causality Tests show the null hypothesis of 

no-causation may be rejected for most causal conjectures with relatively high F-

Statistics  (strength of the effect) and relatively low values of probability (p<0.01). In 

row 1 of Table 3 we see that the conjecture of a causal effect going from the overall 

economy represented by the value added of all economic sectors to the value added 

of the warehousing and support activities of the transportation sector (H52) cannot be 

rejected. In row 2 we may observe that the inverse effect is much lower and is not 

statistically significant at the 0.05 level. In row 3 we see that the conjecture of a causal 

effect going from the overall Transportation and storage sector (total H) to the 

Warehousing activities also cannot be rejected. The much weaker inverse relationship 

is observable in row 4 considering the fact that H52: Warehousing and support 

activities of the transportation sector are an integral part of the overall H: 

Transportation and storage sector. In row 5 of table 3 the Granger (non-)causality 

between changes in the value added of postal and courier services (H53) and 

warehousing and support activities of the transportation sector (H52) is tested. The F-

statistic of 19.8065 shows a strong relationship, and a probability value of 2∙10-5 
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indicates a strong statistical significance. In row 6, we may observe the results of the 

Granger causality test between land transport (H49) and warehousing (H52) also 

showing a very high F-statistic of 26.8401 with p=1∙10-6. The fact that the vice versa 

relationship is statistically insignificant means that the land transport activity (H49) is 

leading the warehousing activity (H52).  

Rows 7 to 10 of table 3 show the conjectures of Granger causality between the 

value added of the overall transportation and storage sector (H), land transport and 

transport via pipelines (H49), and warehousing and support activities for 

transportation (H52) against the value added of large enterprises with more than 250 

employees. The conjectures 7 to 10 from table 3 have the highest measured statistical 

probability of success. This means that changes in overall economic activity, in 

overall transportation and storage sector, and in land transportation and warehousing 

is strongly correlated and precedes changes in the value added of the warehousing and 

support activities for transportation (H52), but only in large enterprises with more than 

250 employees. The rest of the table 1 shows other Granger causality test results with 

somewhat weaker F-statistics and p-values. Nevertheless, these relationships are also 

statistically significant at the p<0.05 level.  

Testing for the existence of cross-section (individual) and time effects is 

important in panel data analysis since the presence of these effects could lead to an 

incorrect specification of the regression and consequently to an improper inference. 

The primary choice of a test statistic in a panel analysis is between Random Effects 

(RE), Fixed Effects (FE), and First Differences (FD) dynamic methods. The 

Correlated Random Effects - Hausman Test statistics compares two sets of estimates, 

one that is consistent under both the null and the alternative, and another consistent 

solely under the null hypothesis. If the idiosyncratic effects are random, then the RE 

estimator is more efficient. If the idiosyncratic effects of the RE and FE estimators 

converge to different values, the FE estimator is solely consistent. A large statistical 

difference between the two sets of estimates is taken as evidence in favour of the 

alternative FE hypothesis. The FD dynamic method by differencing the variables 

eliminates any idiosyncratic effects, held in cross-section data, but unfortunately, 

differencing also destroys valuable information held in raw data (Arellano, 2003, 

Baltagi, 2005, and Wooldridge, 2010). Table 4 shows a simple Panel Ordinary Least 

Squares (OLS) between employment in the warehousing and its supporting activities 

and overall activities.  

 

Table 4. Panel OLS between employment in the warehousing and overall economy 

Variable Coefficient Std. Error t-Statistic Prob.   

CONSTANT 2942.038 1351.858 2.176292 0.0316 

EMPLOYMENT H TOTAL 0.037306 0.008604 4.336016 0.0000 

Data source: European Commission (2019); Calculation: Eviews. Total panel (balanced) 

observations: 117. 
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Table 5 provides a Hausman test statistics for the regression in Table 4.  

 

Table 5. Correlated Cross-section Random Effects - Hausman Test 

Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.  

Cross-section random 2.187102 1 0.1392 

Data source: European Commission (2019); Calculation: Eviews. Total panel (balanced) 

observations: 117. 

 

Table 5 shows an example of a correlated cross-section RE test: the Hausman 

test (Hausman et al. 2005), between the total employment of the warehousing and 

support activities for transportation as a dependent variable and total employment of 

all economic sectors. The statistic provides little evidence against the null hypothesis 

that there is no misspecification of the RE hypothesis. The p-value of 0.1392 is not 

enough to reject the null hypothesis of a cross-section random effects estimate being 

well specified.  

In continuation, we show the same test statistics for the change in the value added 

of the warehousing and support activities for transportation (H52) as a dependent 

variable, and change in the value added of all economic sectors (table 6).  

Panel data models can have heteroscedasticity and autocorrelation between errors 

both contemporaneously and over time. In such cases it is advised to use the Panel 

EGLS method. Table 6 shows the dependence of the changes in total value added of 

the warehousing and support activities for transportation (H52) from changes in the 

total value added of the overall economy. For purposes of data stationarity, all 

variables are first differenced. Also, because of first differences, we speak of changes 

in variables and not of their nominal values. 

 

Table 6.  Results of the Panel EGLS test 

Dependent Variable: D(VA H52 TOTAL)  

Variable Coefficient Std. Error t-Statistic Prob.   

CONSTANT 13.46404 4.174893 3.225002 0.0017 

D(VA ALL TOTAL) 0.02078 0.002279 9.116857 0.0000 

R-squared 0.484833 Mean dependent var 42.56758 

Adjusted R-squared 0.419811 S.D. dependent var 141.6007 

S.E. of regression 106.6106 Sum squared resid 1170679. 

F-statistic 7.456538 Durbin-Watson stat 1.902425 

Prob(F-statistic) 0.000000    

Data source: European Commission (2019); Calculation: Eviews. Total panel (balanced) 

observations: 117. 

 

The equation results are statistically significant at the p<0.01 level and show a 

relatively high R2 of 0.48, although having a weak coefficient value of only 0.02078 

related to the independent variable of the changes in the overall economy value added 

D(VA ALL TOTAL). On the basis of the Panel EGLS test results we may conclude 

that there is high probability of H52: Warehousing and support activities of the 

transportation sector being influenced by the H: Transportation and storage sector in 

the 13 new EU member states between 2008 and 2017. 
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Table 7. Panel EGLS (Cross-section weights) test results 

Nr. Depend. Independ. Coeff. S. E. p Const. S. E. p R2 

1 D(VA H52) D(VA ALL) 0.020775 0.00228 0.000 13.4640 4.17489 0.002 0.48 

2 D(VA H52) D(VA H49) 0.312116 0.04886 0.000 13.2466 4.90746 0.008 0.33 

3 D(VA H52) D(VA H50) 0.728990 0.17393 0.000 33.6002 3.82339 0.000 0.21 

4 D(VA H52) D(VA H51) 0.311171 0.31295 0.322 28.5927 5.31728 0.000 0.08 

5 D(VA H52) D(VA H53) 1.684451 0.44062 0.000 27.4162 5.04891 0.000 0.18 

Data source: European Commission (2019); Calculation: Eviews. Total panel (balanced) 

observations: 117. 

 

The above results are statistically significant at p<0.01 level except for the relationship 

between the changes in the value added of the air transport (H51) and the changes in 

the value added of the warehousing and support activities for transportation (H52) as 

the p-value=0.322. It seems the warehousing activities are not under the influence of 

air freight since air transported cargo is not warehoused for any longer period of time. 

We proceed with the Panel Generalized Method of Moments First Differences model 

test between value-added of the warehousing and support activities for transportation 

(H52) as a dependent variable, its autoregressive instrument and the value added of 

the overall economic activity as the independent variable (table 8). 

 

Table 8. Results of the Panel GMM (FD) test 

Dependent Variable: VA H52 TOTAL  

Variable Coefficient Std. Error t-Statistic Prob. 

VA H52 TOTAL(-1) 0.345359 0.098600 3.502636 0.0007 

VA ALL TOTAL 0.013113 0.003293 3.981702 0.0001 

Mean dependent var 50.24592 S.D. dependent var 138.5642 

S.E. of regression 139.6062 Sum squared resid 1987970. 

J-statistic 24.90488 Instrument rank 28 

Prob(J-statistic) 0.524365    

Data source: European Commission (2019); Calculation: Eviews. Total panel (balanced) 

observations: 104.  

Period SUR (PCSE) standard errors & covariance (d.f. corrected). 

 

The J-statistic states that the instruments are uncorrelated with the error term and the 

Prob(J-statistic) significantly different from zero (0.52) gives us the confidence that 

our instrument set is appropriate. In continuation we use the Arellano-Bond test 

(Arellano and Bond, 1991) to test the residuals for their serial correlation with the 

variables. 

 

Table 9. Results of the Arellano-Bond residuals’ serial correlation test 

Test order m-Statistic rho SE(rho) Prob. 

 AR(1) -2.691188 -598975.368624 222569.098459 0.0071 

 AR(2) 0.548028 120168.707102 219274.727651 0.5837 

Data source: European Commission (2019); Calculation: Eviews. 
 

The Arellano-Bond serial correlation test statistic (shows the AR(1) statistic is 

significant, while the AR(2) statistic is not, pointing to the residuals being serially 



Panel analysis of warehousing economic performance in 13 new EU member states 
Davor Mance, Borna Debelić and Siniša Vilke 

  

190 

 

uncorrelated in levels (Arellano and Bond, 1991). Thus, the post-hoc statistics makes 

us confident of the primary result. In continuation, we show the summary statistics of 

other relationships tested with the Panel General Method of Moments (GMM) First 

Differences (FD), whereby the warehousing and support activities of the 

transportation sector is the primary dependent variable (table 10).  

 

Table 10. Results of the Panel Generalized Method of Moments First Differences 

tests 

Nr. Depend. Coef.(-1) S. E. p Independent Coef. S. E. p J-Stat 

1 VA H52 0.16234 0.0030 0.000 D(VA ALL) 0.24735 0.0002 0.000 11.663 

2 VA H52 0.28890 0.0040 0.000 D(VA H49) 0.31194 0.0005 0.000 11.362 

3 VA H52 0.40345 0.0188 0.000 D(VA H50) -4.60744 0.0736 0.000 10.836 

4 VA H52 0.68929 0.0107 0.000 D(VA H51) 0.59255 0.0048 0.000 12.008 

5 VA H52 0.78621 0.0061 0.000 D(VA H53) 1.63344 0.0161 0.000 11.650 

6 VA H52 250+ 0.30439 0.1333 0.025 D(VA ALL) 0.01290 0.0031 0.000 66.463 

7 VA H52 250+ 0.35258 0.1297 0.008 D(VA H49) 0.19098 0.0516 0.000 65.710 

8 VA H52 250+ 0.47930 0.0671 0.000 D(VA H50) -2.35158 0.6351 0.000 59.706 

9 VA H52 250+ 0.66960 0.1248 0.000 D(VA H51) 0.33591 0.3012 0.267 66.508 

10 VA H52 250+ 0.73894 0.1049 0.000 D(VA H53) 0.78543 0.4242 0.067 58.612 

Data source: European Commission (2019); Calculation: Eviews 9. Total balanced panel 

observations: 104. All variables are differenced. Glossary: land transport and transport via 

pipelines (H49), water transport (H50), air transport (H51), warehousing and support 

activities for transportation (H52), postal and courier (H53). 

 

The results of Panel Generalized Method of Moments First Differences tests in 

table 10 show expected signs, p-values and Arellano-Bond residuals’ serial correlation 

test results in case of overall economic value added but because of the results of the 

Arellano-Bond serial correlation test we cannot reject the null hypothesis of serial 

correlation in residuals in case of land transport and transport via pipelines (H49), 

water transport (H50), air transport (H51), and postal and courier (H53) since in all 

these cases the value of the AR(1) was significantly different from zero. From line 6 

to line 9 of table 10, the dependent variable was changed to the value added of the 

enterprises with 250+ employees, as they bore the statistical brunt of the influence. 

This is shown by the very similar results to total H52. Some modifications to the test 

parameters where necessary though to be able to get residuals without any statistically 

significant serial correlation. In some cases (line 6, 7, 8, 9, and 10) GMM weights 

where set to Differenced Arellano-Bond 1-step, and the coefficient covariance method 

was set to period SUR (PCSE). This requires the shocks to have same time-series 

correlation structure for all cross sections. But in case of a broad world crisis such as 

the COVID-19 pandemic, this is to be expected. In all other cases the coefficient 

covariance method was set to a robust White period standard errors & covariance 

corrected for degrees of freedom. The seemingly unrelated regression (SUR) method, 

accounts for heteroscedasticity and contemporaneous correlation in errors across 

equations. Panel period Corrected Standard Error (PCSE) is robust to 

heteroscedasticity across periods, but not to general correlation of residuals. 

We thus conclude that the changes in the value added of the overall economy are 

a good predictor of the changes in the value added of warehousing and support 
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activities for transportation (H52). The results are statistically significant at the 

p<0.001 level, and for every one percent of decrease in the overall economic activity, 

we may expect a quarter of a percentage decrease in the warehousing activities. 

 

 

5. CONCLUSION 

 

Our 10-year data-panel from 2008 to 2017 of 13 EU member states including 11 

CEECs (Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, 

Poland, Romania, Slovenia, and Slovakia) but also two Mediterranean island 

countries (Cyprus and Malta) has given us a good basis to test the conjectured 

relationship between the changes in the value added of the overall economic activity 

within observed countries and the H52:Warehousing and support activities for 

transportation as part of the H: Transportation and storage sector of the European 

Union Nomenclature of Economic Activities. We achieved stationarity by 

differencing the data and regressed the variables representing the overall economy on 

warehousing and transportation support activities (H52). The null hypothesis of no-

causation may be rejected for most causal conjectures with three successive test 

methods: a Panel Pairwise Granger Causality test, a Panel Estimated Generalized 

Least Squares (EGLS) with Fixed Effects (FE), and a Panel Generalized Method of 

Moments (GMM) with First Differences (FD). We conclude the changes in the overall 

economy have an impact on warehousing and transportation support activities (H52) 

in terms of its value added, employment, and number of enterprises. 

We have had a number of limitations to our study. Although we were able to 

show many statistical outputs, many more were computed, but because of statistical 

insignificance, only a fraction was finally shown. Now, we would proceed probably 

differently, by jumping ahead of many statistical tests and analyses that were done 

without bearing any significant results. We hope to be able to continue this research 

after the COVID-19 pandemic settles down and to test the structural break in the panel 

data, as well as the recovery thereafter. 

We conclude that the overall economy (value added and employment) has a 

statistically significant and measurably strong impact on Warehousing. Of all 

transportation activities, the land transportation activity (H49) has the strongest 

statistical impact on warehousing and support activities (H52). 

Moreover, any change in the value added of the overall economy impacts the 

change of the Warehousing and support activities of the transportation and storage 

sector by the relative amount of approximately ¼ of the relative original amount. 
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Abstract 

 

The basic theoretical omnichannel paradigm is full information integration of all 

retail channels. The authors try to answer the following research question: to what 

extent are modern CRM systems adapted to support omnichannel retailing in the range 

of information flow? The article aims to identify and evaluate conduct practices 

related to the acquisition, storage and sharing of information in CRM system retail 

channels from the perspective of possibilities offered by this class of software. 

The research was conducted using a survey method. The subject of the study are 

customer relationship management (CRM) systems for small and medium-sized 

enterprises (SMEs). The research entity are logistic companies that use CRM class 

software for multi-channel distribution. The result of the research is the assessment of 

the usability of CRM systems in terms of business needs posed by global competition 

in the field of multi-channel distribution. The authors point to the need to develop 

CRM systems in terms of their systemic and functional integration with business 

partners in the supply chain. 
Due to the large number of CRM systems available on the software market, the 

article focuses only on systems dedicated to SMEs. The results of the study include 

conclusions for designers and distributors of CRM systems regarding omnichannel 

information features of their IT applications. The authors' next research intention is to 

carry out similar research on CRM systems for large enterprises (analysis of 

similarities and differences). 

 

Key words: omnichannel, information integration, customer relationship 

management (CRM) system, small and medium enterprises (SMEs), surveys 
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1. INTRODUCTION 

 

The stream of information in the logistics chain is, next to the stream of goods, 

the essence of the functioning of logistics. Information precedes, accompanies and 

ends the flow of goods. In today's modern logistics, due to the large and rapid 

changeability of many conditions of running a business, the importance and role of 

information is crucial. Having current and accurate information about what is 

happening in the logistics chain is the main determinant of success on the market. 

In terms of information management, integration is a key issue. Information 

integration allows to obtain full knowledge about the state of facts in one place. 

Thanks to integration, undesirable phenomena such as inconsistency, obsolescence, 

inaccuracy or other errors in data that serve as the basis for creating information or 

knowledge on a given topic are eliminated. 

One of the new forms of sales - omnichannel - has the information integration of 

all sales channels embedded in the theoretical assumptions of its concept. The authors 

of the article decided to verify the functioning of this paradigm in practice - try to 

answer the question: to what extent are modern customer relationship management 

(CRM) systems adapted to support omnichannel sales in terms of information flow? 

The aim of the article is to identify and evaluate the practices related to the acquisition, 

storage and sharing of information in the sales channels of CRM systems in terms of 

the possibilities offered by this class of software. 

Due to the wide range of CRM systems available on the market, the authors of 

the article focused their attention only on systems dedicated to small and medium-

sized enterprises (SMEs). The research task was carried out using the survey method. 

The subjects of the study were both users and producers (distributors) of CRM 

software. 

The structure of the article is as follows: section 1 - introduction (research 

background, aim of the article), section 2 - literature review (methodology, 

bibliographic analyses); section 3 - analysis of the survey research (methodology, 

company profile, analysis of survey results); section 4 - final conclusions (summary, 

research limitations, directions for future research). 

 

 

2. LITERATURE REVIEW BASED ON SCOPUS DATABASE 
 

2.1. Methodology of literature analysis 

 

A systematic literature review was carried out in June 2020 on the basis of the 

Scopus database of scientific articles (selection criterion: leading database of journals 

in the discipline of management and quality science, represented by the authors of the 

article). The analysis of the literature consisted in searching for selected characteristic 

words and phrases in three places: title, abstract and keywords. The conducted 

literature search is quantitative and qualitative in nature. The aim of the quantitative 

analysis was to identify the number of publications in each thematic scope. The aim 

of the qualitative analysis was to identify the type of thematic threads undertaken by 
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individual researchers. Both analyses are supplemented by short, complementary 

bibliometric reports based on the statistics offered by the Scopus database. 

 

2.2. Monothematic analyses 

 

Among 5,059,582 publications devoted to information, those related in some 

way to integration (narrowed search) number only 452,217. Direct search for the 

phrase information integration led to the identification of 163,300 publications 

devoted strictly to this issue (3.23% of the total number of articles). 

Among 5,056 publications on the subject of CRM systems, those related in 

some way to SMEs (narrowed search) number only 156. Direct search for the phrase 

CRM systems for SMEs led to the identification of 78 publications devoted strictly 

to this issue (1.54% of the total number of articles). 

Among 303 publications devoted to omnichannel, those related in some way to 

retailing (narrowed search) number as many as 222. Direct search for the phrase 

omnichannel retailing led to the identification of 106 publications devoted strictly to 

this issue (34.98% of the total number of articles). 

As for the number of articles in the literature search, it does not raise any 

objections. The gradation of publications on a given topic is related to the time of 

functioning of a given concept in scientific consciousness, which directly translates 

into the accumulated output in a given topic. CRM or omnichannel systems, as 

relatively new concepts in relation to the subject of information, have a more modest 

output. A certain curiosity is a niche of thematic threads within general issues, 

observed in the case of information and CRM systems (low percentages). One can try 

to explain this by the fact that in a wider set there may be more thematic areas, hence 

the interests may be more spread out and diversified. In the case of omnichannel, we 

can see quite significant correspondence with retailing issues (1/3 of all the 

publications). 

 

2.3. Multithematic analyses 

 

Among 163,300 publications on information integration, those related in some 

way to CRM systems for SMEs (narrowed search) number only 52. Among 78 

publications devoted to CRM systems for SMEs, those related in some way to 

information integration (narrowed search) number as many as 26. Direct search for 

the phrase information integration CRM systems for SMEs led to the identification 

of only 7 publications devoted strictly to this issue. 

These publications date back to 2010-2019: 2011 and 2012 - 2 each; 2010, 2014 

and 2019 - 1 each. They are mainly conference papers - 6 out of 7 publications. They 

are located primarily in the area of Computer Science (7), less often in Decision 

Sciences (2). Apart from individual articles, attention should be paid to: nationality - 

Hungary, institutions - Debreceni Egyetem, individuals - M. Herdon - 2 publications 

in each of the statistics. It is surprising that apart from the Magro & Goy's publication, 

cited 10 times, other publications do not have any citations. 

The first article discusses challenges and pitfalls of designing a Cross-Cloud 

DevOps stack for an app-based extension platform of a Customer Relationship 



Assessment of the level of information integration in CRM systems for SMEs for the needs of… 
Roman Domański and Adam Koliński 

  

200 

 

Management (CRM) system – open source software solutions play a critical role for 

the SMEs (Schork et al., 2019). The second article proposes an SME market research 

as well as a way to analyze open source products by licensees, activity and interfaces 

- a market analysis in the SME area is needed to understand if SMEs already use such 

enterprise systems; the open source systems have to be compared in different ways to 

receive the best combination of these products (Althaler & Steinbacher, 2014). The 

third article attempts to identify the systemic aspects of the use of CRM tools for the 

integration of distributed processes organization - presents the requirements and 

restrictions for the virtualization of access to technical resources, technology and 

information in the so-called 'Cloud' as a way to reduce costly IT investments 

especially in the SME-class organizations (Skopinski & Zaskorski, 2012). The fourth 

article is the proposal of O-CREAM-v2, a core reference ontology for the CRM 

domain, specifically targeted to Small and Medium Sized Enterprises (SMEs) - 

ontology for the CRM domain has to account for both particulars and information 

about them (Magro & Goy, 2012). The fifth article presents a web-based CRM system 

that could be accessible from anywhere at any time and follows a number of security 

standards in order to ensure reliable access to information - small and medium 

companies (SMEs) require a CRM solution that is more flexible and easily adaptable 

to their demands (Vachkova & Gourova, 2011). The sixth article studied the Open 

Source Information and Communication Technology (ICT) solutions and tools that 

can be applied by Small and Medium-sized Enterprises (SMEs) - pointed out other 

key information and proposed an adequate solution system that uses open source 

solutions for SMEs through the development of a prototype based on a Digital 

Business Ecosystem (DBE) concept (Herdon et al., 2011). The seventh article 

describes digital ecosystems relying on a technological infrastructure to mediate the 

formalization of knowledge in SME networks, the creation of software services, and 

different type of interactions between SMEs - prototypes can help in building these 

cooperative information systems (Herdon et al., 2010). 

To sum up, in the context of CRM systems dedicated to SMEs, the subject of the 

above-mentioned publications focuses mainly on open source solutions, universal 

access to the Internet and technologies using the cloud. 

Among 163,300 publications devoted to information integration, those related in 

some way to omnichannel retailing (narrowed search) number only 42. Among 106 

publications devoted to omnichannel retailing, those related in some way to 

information integration (narrowed search) number as many as 62. Direct search for 

the phrase information integration omnichannel retailing led to the identification 

of only 7 publications devoted strictly to this issue. 

These publications come from the years 2014-2020: 2020 - 2; 2014, 2016, 2017, 

2018 and 2019 - 1 each. They are mainly articles - 4 out of 7 publications. They are 

located primarily in the areas of Business, Management and Accounting (4), 

Computer Science (3), and Engineering (2). There are no distinguishing institutions 

or individual authors in the statistics. Only as for nationality, the United States attracts 

attention with 2 publications. Apart from the publications from 2020, all the others 

have already been cited - here Piotrowicz & Cuthbertson stands out in particular, with 

an outstanding number of 177 citations, also, but to a much lesser extent: Mirsch et 

al. - 25, Caro & Sadr - 19, Wiener et al. - 13. 
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The first article investigates the impact of omni-channel characteristics on 

customer satisfaction in the context of today's retailing - integrated promotion and 

integrated information access are found to be significant, whereas other constructs are 

not (Lee, 2020). The second article gives a global overview of the digital 

transformation and channel integration of free-market electricity retailers in Spain 

from a consumer's perspective - an overall lack of multichannel and omnichannel 

strategies reveal shortcomings in the availability of communication channels with 

customers (Chaparro-Peláez et al., 2020). The third article notes that under 

omnichannel retailing consumers can learn about products through channels that 

differ from those used to purchase them - the Internet of Things (IoT) can play a 

fundamental role in channel integration, but requires a sophisticated inventory and 

supply chain operation (Caro & Sadr, 2019). The fourth article is an empirical 

investigation of the synergies and tensions that arise from coexisting online and 

offline business models (BMs) as well as the factors that influence the emergence of 

such synergies and tensions - by uncovering both the benefits and the complexity of 

running online and offline BMs in parallel, the study contributes to the theoretical 

understanding of omnichannel businesses, and provides managers with practical 

guidance on how to design, integrate, and manage their dual BMs successfully 

(Wiener et al., 2018). The fifth article notes that the management of both physical and 

mobile channels requires the actual integration of all the processes of planning and 

execution in order to optimize performances - the integration of all these analyses and 

the correct evaluation of the defined set of KPIs may represent a useful system for 

supporting fashion companies in the strategic decision making process (Martino et al., 

2017). The sixth article seeks to eliminate ambiguities regarding the term 

omnichannel management, because many channel management approaches coexist in 

practice, and in research, terms to describe different concepts are used without clear 

distinctions - it creates a common basis to fully understand the omnichannel 

management (Mirsch et al., 2016). The seventh article presents the results of focus 

group discussions on the role of information technology in retail, new business 

models, and the future role of traditional stores as e-commerce advances - key issues 

include the need for channel integration, the impact of mobile technologies, the 

growing role of social media, the need to respond to diverse customer requirements, 

and finally, supply chain redesign (Piotrowicz & Cuthbertson, 2014).   
Summing up, in the context of omnichannel sales, the subject of the above-

mentioned publications focuses mainly on the concept and tools of information 

management, proposing specific methods and executive instruments that can be 

implemented in business. 

Among 78 publications devoted to the subject of CRM systems for SMEs, there 

are none related in some way to omnichannel retailing (narrowed search). Among 106 

publications devoted to omnichannel retailing, those are also none related in some 

way to CRM systems for SMEs (narrowed search). Direct search for the phrase CRM 

systems for SME omnichannel retailing did not lead to the identification of any 

publications devoted strictly to this issue, confirming the importance of the previous 

facts. Also, the most narrowly specialized literature search - information integration 

CRM systems for SME omnichannel retailing - did not lead to the identification of 

a single publication on the topic in question. 
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2.3. Summary of literature analysis 

 

Some minor detailed differences in the search results could appear if it was 

decided to meticulously analyze all the ways of recording words (omnichannel vs 

omni-channel; hyphenated or not) or phrases (CRM systems vs customer relationship 

management systems; full phrases vs abbreviations). The authors checked these 

aspects. The differences that appeared (increase/decrease in the number of 

publications) were small. For the sake of clarity of the literature analysis, it was 

decided to adopt only one recording form. 

To sum up, information integration has already been undertaken both in the 

context of CRM systems for SMEs and omnichannel retailing. In both cases, however, 

the scale of this phenomenon is very small (7 articles each). Relationships between 

CRM systems for SMEs and omnichannel retailing were not found in publications. 

These facts are also confirmed in the authors' earlier publications (Domański & 

Wojciechowski, 2020; Domański & Filipiak, 2019). Therefore, the issues discussed 

in this article can be viewed as original and innovative. The implementation of the 

research (empirical part of the article) will contribute to filling the gap in the current 

state of scientific knowledge. 

 

 

3. ANALYSIS OF THE SURVEY RESULTS 

 

3.1. Methodology of the survey research implementation 

 

Regardless of the scope of the research, it is advisable to carry out a reliable 

verification of the obtained data and information. The number of logistics enterprises 

using CRM systems makes it impossible to verify most of them, therefore the 

proposed research methodology should include a statistically developed research 

sample that will guarantee the representativeness of the results. Statistical tools are 

used to define a typical research sample, which guarantee a specific level of 

representativeness.  

The first very important issue is the appropriate selection of the statistical 

distribution for the analyses. Taking into account the specificity of the TSL industry 

and the scope of logistics processes carried out, it can be assumed that the normal 

distribution should be used in the tests. This is confirmed by the analyses published 

in the scientific literature (Blanchard et al., 1990; Dunn et al., 1994; Garver & 

Mentzer, 1999; Näslund, 2002; Iannoni & Morabito, 2006; Engblom et al., 2012; 

Krzyzaniak, 2017) on the use of statistical tools in the optimization of logistics 

processes. 

Assuming a normal distribution for the TSL industry, a representative research 

sample should be determined on the basis of the following formula: 
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where: 

Nmin - minimum sample size, 

NP - size of the population from which the sample is taken, 

 - confidence level for the results, the value of the result relative to the entire 

population in the normal distribution for the assumed significance level,  

f - fraction size, 

e - assumed maximum error. 

Confidence level: This indicator shows how confident we can be in the results 

obtained: α = 0.95 means 95%.  
Fraction size: If it is possible to estimate the value of the presence of the tested 

feature in the population, it should be included in the study (e.g. if the tested feature 

is present in 60% of the population, then 0.6 should be given). Where this value is 

unknown, 0.5 should be given. 

Maximum error: The maximum error tells us what "correction" we should 

apply to the result obtained. In other words, when we assume an error of 0.05 (5%), 

then assuming an error of 5%, the true result may vary by +/- 5%.  

According to the theory of estimation in operations research, the minimum 

research sample that guarantees the representativeness of results is the number n=30. 

The confidence level should not be less than 85% and the maximum error should not 

be greater than 18% (Balakrishnan & Basu, 1996). For this reason, the following was 

adopted as the minimum value for the methodology developed in this article: 

 confidence level 95%, 

 maximum error 15%. 

Table 1 shows the minimum size of the research sample, taking into account the 

change in the maximum error rate while maintaining a constant confidence level of 

95%. 

 

Table 1. Identification of the minimum size of the research sample 

Population 
30 50 100 200 300 400 500 1000 2000 5000 >10000 Maximum 

error 

5% 28 44 79 132 168 196 217 278 322 357 370 

10% 23 33 49 65 73 77 81 88 92 94 95 

15% 18 23 30 35 37 39 39 41 42 42 43 

Source: own research 
 

This analysis shows that assuming the maximum error at the level of 15%, the 

research sample in the size of 43 enterprises should be seen as representative. 

For the purposes of this article, a survey was carried out on a sample of 45 

logistics enterprises operating in the TSL industry throughout Poland. The aim of the 

study was to show how a given functionality of CRM systems affects the flow of 

information between business partners in the supply chain.  

The survey was conducted in the first half of 2020. The survey sheet consisted 

of 15 questions, including open and closed questions - single and multiple choice. 



Assessment of the level of information integration in CRM systems for SMEs for the needs of… 
Roman Domański and Adam Koliński 

  

204 

 

3.2. Profile of the surveyed enterprises 

 

Basic information on the surveyed enterprises is presented in Table 2. 

 

Table 2. Basic information on the surveyed enterprises 

Characteristics Responses (%) 

1. Number of employees hired by the enterprise:   

· fewer than 10 employees 28.89% 

· from 10 to 49 employees 42.22% 

· from 50 to 250 employees 28.89% 

2. Length of time of running a business:   

·  up to 1 year 6.67% 

·  from 1 to 3 years 24.44% 

·  from 4 to 7 years 28.89% 

·  from 8 to15 years 20.00% 

·  over 15 years 20.00% 

3. Business capital:   

·  Polish enterprise (no foreign capital) 46.67% 

·  foreign enterprise (exclusively foreign capital) 17.78% 

·  mixed enterprise (Polish and foreign capital) 35.56% 

4. Market served:   

·  local (gmina, powiat - Polish equivalents of municipality 

and county) 
8.89% 

·  regional (up to 5 voivodeships - provinces) 15.56% 

·  national (6 voivodships and more) 37.78% 

·  European (continent) 31.11% 

·  global (two continents and more) 6.67% 

Source: own research 
 

This distribution should be considered representative not only because it takes 

into account the statistical assumptions of the research sample, but also in terms of the 

distinguished characteristics of the enterprises participating in the research. 

 

3.3. Analysis of the survey results 

 

One of the main issues of the research in the aspect of multi-channel distribution 

processes were: assessment of the degree of use of CRM systems in business practice, 

evaluation of the scope of their functionality and identification of problems related to 



20th international scientific conference Business Logistics in Modern Management 
October 7-9, 2020 - Osijek, Croatia 

 

 

205 

   

the system integration of business partners in the supply chain. Figures 1 to 9 show 

the detailed results of the survey carried out among 45 logistics enterprises that use 

CRM systems in their business activities.  

The first question (Figure 1) concerned the possibility of operating various sales 

channels in the CRM system. The analysis shows that CRM systems are most often 

used to support brick-and-mortar and online stores (53.3% of responses each). The 

distribution also shows that online stores are on a par with brick-and-mortar ones, so 

the size of the e-commerce market does not differ from the traditional market.  

 

Figure 1. Sales channels supported in CRM systems 

 
* Possibility to choose more than one response 

Source: own research 

 

Another issue studied was the architecture of CRM systems (Figure 2). Most of 

the respondents (53.3%) use one common database, regardless of the number of sales 

channels. Nevertheless, as many as 46.7% of the respondents have separate databases 

for individual sales channels. Such a situation may result from the company's 

development and the lack of anticipation of the need to support various sales channels 

at the initial stage of creating a company. This makes it necessary to maintain several 

databases and generates costs associated with it, which is certainly not an optimum 

solution.  

 

Figure 2. CRM system architecture 

 
Source: own research 
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The next element was to check the form of data in the CRM system (Figure 3). 

All systems used by the respondents have text (alphanumeric) fields. In 82.2% of 

CRM systems it is possible to place and review photos, and in 46.7% of them it is also 

possible to present data in the form of a film. Thanks to such solutions, CRM systems 

make it possible to store complete data in one place (e.g. the entire history of a given 

customer order is in one place, despite different forms of data).  

 

Figure 3. Form of data in CRM systems 

 
* Possibility to choose more than one response 

Source: own research 

 

The next question was to clarify the previous issue regarding the form of data. 

The respondents' task was to indicate whether the CRM system enables the use of all 

forms of data for each sales channel. More than half (55.6%) answered this question 

in the affirmative. This is a key aspect in terms of information consistency and 

synergy. 

The next examined issue (Figure 4) concerned the data format of the CRM 

system used. It can be stated that the distribution of responses is even, i.e. there are 

systems with a uniform and non-uniform data format (35.6%). A slightly worse 

proportion is recorded for the mixed variant (28.9%). The observed significant non-

uniformity of data (64.5%) entails the necessity of their conversion, which may result 

in distortions in the range of information exchange. 
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Figure 4. Data format in CRM systems 

 
Source: own research 

 

The frequency of data updates in the CRM system used is a very important 

element for decision-making by the users of a given system (Figure 5). Almost half 

of the respondents (48.9%) stated that the data in their systems is updated in real time, 

which is the most convenient solution. The other half of the respondents (46.7%) use 

systems in which data is updated from time to time. Thus, the current information in 

CRM systems is only partially present. Interestingly, there were also systems that 

cannot update data, but it was a negligible number. 

 

Figure 5. Frequency of data updates in CRM systems 

 
Source: own research 

 

The analysis of the possibility of working on data from various sales channels in 

CRM systems (Figure 6) showed that 84.4% of the respondents can work 

simultaneously on data from various sales channels, of which almost 44.4% without 

any restrictions, and 40% with certain gaps and deficiencies. The percentage of CRM 
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systems (15.6%) that do not offer such a possibility is quite noticeable. Sharing data 

at the same time (55.6%) is still some operational problem to be solved.  

 

Figure 6. Working on data from various sales channels in CRM systems 

 
Source: own research 

 

Almost 84.5% of the respondents have the ability to identify the customer in 

various sales channels in the CRM systems used. However, half of them (42.2%) with 

limitations (Figure 7). Less than 16% of the respondents do not have such a possibility, 

which is quite a noticeable percentage. This issue (57.8%) is another operational 

problem to be solved. 

 

Figure 7. Customer identification in various sales channels in CRM systems 

 
Source: own research 
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About 82% of the respondents indicated that their systems could be integrated 

with other IT systems (Figure 8), of which 53.3% only partially. Almost 18% of the 

respondents answered this question in the negative - a noticeable percentage of 

responses. The issue of the possibility of integration with other IT systems is very 

important (71.1%) as it enables the development of the company and the introduction 

of new dedicated solutions.  

 

Figure 8. Integration of CRM systems with other systems 

 
Source: own research 

 

The biggest identified problem in the integration of CRM systems with other 

systems is software incompatibility (48.9%), followed by various communication 

standards (44.4%) - Figure 9. The aforementioned problems increase labour intensity 

during system integration, as well as the risk of unexpected problems arising during 

tests and launching applications. The recipe for these problems is the unification and 

standardization of hardware and software. 

 

Figure 9. Problems in integrating CRM systems with other systems 

 
* Possibility to choose more than one response 
Source: own research 
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Summing up, the negative answers appearing in questions 5 to 9, in the order of 

a dozen or so percent, fall within the range of the measurement error adopted in the 

methodology (15%). They can therefore be ignored. In this case, the final picture of 

the Polish CRM market research is very optimistic. 

The last stage of the research was to identify the degree of use of individual CRM 

systems that are available in the Polish IT services market. The detailed results of the 

analysis are presented in Table 3. 

 

Table 3. Analysis of the use of CRM systems in Polish business practice 

System name 
Number of 

indications 
Percentage 

Sugester 5 11.11% 

CSMART 4 8.89% 

Autorski system 4 8.89% 

LiveSpace 4 8.89% 

Synergius CRM 4 8.89% 

Pipedrive 3 6.67% 

Entis 3 6.67% 

Jelly CRM 2 4.44% 

Firmao 2 4.44% 

InFirma 2 4.44% 

InStream 2 4.44% 

ZOHO CRM 2 4.44% 

Bitrix 24 1 2.22% 

CRM Vision 1 2.22% 

More7 1 2.22% 

Infofast 1 2.22% 

SAP CRM 1 2.22% 

XPA Koops 1 2.22% 

amo CRM 1 2.22% 

Monday.com 1 2.22% 

Source: own research 
 

The present distribution of CRM systems used indicates a large variety of applied 

solutions. This indicates the problem of system integration both in the enterprise itself 

and in the entire supply chain. Companies tend to use CRM systems of a specific IT 

supplier (Sugester, CSMART, LiveSpace, Synergius CRM, Pipedrive, Entis), with a 

very high share of the tendency focused on the development of proprietary CRM 

systems, dedicated to the specific functional needs of enterprises and their processes. 

Customer expectations in terms of system functionality keep playing an increasingly 
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important role. In addition to standard requirements for all CRM systems, functional 

flexibility has an increasing influence on the choice of a solution. 

 

 

4. CONCLUSION, LIMITATIONS AND FURTHER RESEARCH 

 

The present article intended to analyze the issues of IT support for multi-channel 

distribution in the aspect of customer service. The level of customer service, as a key 

determinant of the efficiency of logistics processes, increasingly affects the 

digitization of the supply chain. 

As far as the theoretical part of this article is concerned, the literature analysis 

carried out in it is limited only to the Scopus database. In other sources, the state of 

scientific knowledge might be greater. One of the future research intentions is to 

extend the literature search to cover new sources. Another intention, based on the 

results of the work on literature in this article, is a further in-depth analysis of the 

content of one set of terms in another, created by narrowing the search (indirect 

relationships) - this was not fully exploited in this article (no qualitative analysis of 

thematic threads). 

The research part of this article focused on the identification of basic functional 

needs for CRM systems, problems with system integration and the analysis of the 

degree of application of the most popular CRM systems in Polish business practice. 

Due to the specificity of the TSL industry, taking into account the research 

methodology adopted in the article, it was concluded that the research population of 

45 logistics companies meets the criteria of representativeness of the obtained results. 

The conducted research leads the authors to the conclusion that currently one of the 

key elements influencing the efficiency of logistics processes is the information 

integration of business partners in the supply chain. Taking into account the specific 

business needs of CRM system functionalities, the need to integrate them with other 

seemingly unrelated processes, which are also subject to digitization, should be noted. 

An important direction for further research will be an attempt to integrate CRM 

systems with the O2C (Order to Cash) solution, which will allow for full monitoring 

of not only the customer service process, but also the implementation of orders and 

making payments for their implementation. A separate issue that requires further 

research is the integration of various communication standards. The Institute of 

Logistics and Warehousing has been conducting research in this area for years 

(Osmolski et al., 2018; Debicki & Kolinski, 2019), but in the field of integration of 

logistics processes, and not customer service processes. Therefore, it is the direction 

for further research, both in terms of science and identification - the correlation 

between these processes, as well as in terms of practice and application - related to 

the possibilities of implementing the proposed solutions in enterprises. 
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Abstract 

 

Measuring retail trade has received considerable attention in both theory and 

practice. Taking up this important issue, this paper analyses retail trade productivity 

by means of the AHP-TOPSIS method. The empirical research has shown varying 

retail trade productivity across different countries in Europe. For example, in 2016, 

retail trade productivity measured as sales per employee in Luxemburg, Belgium and 

the Netherlands exceeded the EU average. It can be seen from the decision matrix 

rankings obtained using the TOPSIS method that in 2016 in terms of retail 

productivity, the European Union seen as a single market ranked first, followed by 

individual countries: Malta ranked second, Luxembourg ranked third, while Germany 

was fourth. As for some countries in transition in South-Eastern Europe, Slovenia 

came 11th, Croatia came 23nd and Serbia came 18th. The application of new business 

models in retail trade varies across countries and, as a result, so does their retail 

productivity.  

 

Key words: efficiency, factors, trade, Serbia, AHP-TOPSIS method. 

 

 

1. INTRODUCTION 

 

Given the increasing interest in the subject and its relevance, this paper analyses 

the productivity of retail trade in the European Union using the AHP - TOPSIS 

method. The aim of the research is to describe the current situation, and propose 

measures for future improvement of the retail trade productivity in the EU, as well as 

in Serbia, as a candidate country for membership. 

Recently, in addition to the DEA method, the AHP (Chang, 1996) and the 

TOPSIS method are increasingly used in scholarly literature (Hwang, 1981; Hwang, 

1995; Andersen, 1993; Yousefi, 2010; Li, 2014, 2017; Tsolas, 2015; Bhargava, 1998; 

mailto:rlukic@ekof.bg.ac.rs
mailto:hadrovic@efos.hr


Productivity analysis of retail trade in the European Union and Serbia using the AHP-TOPSIS method 
Radojko Lukić and Blaženka Hadrović Zekić 

  

216 

 

Karan, 2008; Keener, 2013; Kingyens, 2012; Konuk, 2018; Lau, 2013; Manini, 2018; 

Martini 2017; Pang, 2013; Paradi, 2014; Rogova, 2018; Simbolon, 2017; Trejo, 2017; 

Zaernyuk, 2016; Üçüncü, 2018; Urbonaviči ūtė, 2019; Lukic, 2011a,b; 2018, 2019; 

Лукић, 2018) to assess the productivity and efficiency of retail trade. Compared to 

the traditional measurement methods, the AHP-TOPSIS methods provide a better 

insight into the retail trade productivity. It was therefore used in this paper to assess 

the retail productivity of individual EU Member States, with an aim to propose 

adequate measures for improving it in the future. In doing so, the paper makes an 

important contribution to research in this area.  

The very nature of the issue addressed in this paper defines its main objective: 

to understand the current situation regarding retail productivity in the European 

Union, which is necessary for improvement by taking adequate measures in the future.  

The insights into the current situation was provided by means of the AHP - 

TOPSIS methods. Ratio analysis and statistical analysis were also used. 

For the purpose of examining the issues addressed in this paper, up-to-date 

empirical data were taken from Eurostat. They are aligned with relevant international 

standards and as such internationally comparable. This also applies to the research 

results obtained in this paper. 

 

 

2. THE AHP METHOD 

 

The Analytical Hierarchy Process (AHP) is a multi-criteria decision making 

method proposed by Thomas Saaty in the 1970s (Saaty, 1970; Saaty 1980; Saaty, 

2001; Saaty, 2008). It is used to solve complex structural hierarchical problems in 

decision making and determine the weighted coefficients for each criterion (Harker, 

1987; Hanie, 2016; Stojanović, 2016). Figure 1 shows an example of hierarchy in 

AHP. 

 

Figure 1. Example of hierarchy structure of AHP 

 

 

Goal 

Criterion 1 Criterion 2 Criterion 3 Level  1 

Alternative1 Alternative 2 Alternative 3 Alternative 4 
Level

2 
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The method of Analytical Hierarchical Process is based on the following axioms 

(Saaty, 1986; Harker, 1987; Alphonce, 1997): 

The reciprocal axiom: If element A is n times more important than element B, 

then element B is 1/n times more important than the element A. 

The homogeneity axiom: A comparison is meaningful only if the elements are 

comparable. 

Axiom of dependence: A comparison can be made between elements in one level 

of the hierarchy to the elements of a higher level, i.e. comparisons among lower-level 

elements depend on higher-level elements. 

The axiom of expectations: Any change in the structure of the hierarchy requires 

a recalculation of priorities in the new hierarchy.  

Comparisons between two elements of the hierarchy (model) is performed using 

Saaty’s value scale (Table 1).  

 

Table 1. Saaty’s scale of pairwise comparison 

Relative 

importance/Intensity 

of importance on an 

absolute scale 

Definition Explanation 

1 Equal importance 

The two elements are of equal 

importance in relation to the 

objective 

3 

Moderate 

importance of one 

over another 

Experience or judgment slightly 

favours one element over another 

5 
Essential or strong 

importance 

Experience or judgment strongly 

favours one element over another 

7 
Very strong 

importance 

The dominance of one element has 

been demonstrated in practice 

9 Extreme importance Dominance of the highest degree 

2, 4, 6, 8 
Ratios arising from 

the scale 

A compromise or further division 

is needed 
Source: Saaty, 2008 

 

The Analytical Hierarchical Process (AHP) involves the following steps (Saaty, 

2001; Saaty, 2008; Hanie, 2016; Stojanović, 2016): 

Step 1: Forming a pairwise comparisons matrix 

𝐴 = [𝑎𝑖𝑗] =  [

1
1/𝑎12

⋯
1/𝑎1𝑛

𝑎12

1
⋯

1/𝑎2𝑛

⋯ 𝑎1𝑛

⋯ 𝑎2𝑛
⋯
⋯

⋯
1

]                   (1) 

 

Step 2: Normalization of the pairwise comparisons matrix  

𝑎𝑖𝑗
∗ =  

𝑎𝑖𝑗

∑ 𝑎𝑖𝑗
𝑛
𝑖=1

, 𝑖, 𝑗 = 1, … , 𝑛                                 (2) 
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Step 3: Determining the relative importance, i.e. the weight vectors 

𝑤𝑖 =  
∑ 𝑎𝑖𝑗

∗𝑛
𝑖=1

𝑛
, 𝑖, 𝑗 = 1, … , 𝑛                                     (3) 

 

Consistency index (CI) is a measure of deviation of n from λmax and can be 

represented by the following formula: 

𝐶𝐼 =  
λ𝑚𝑎𝑥 −  𝑛 

𝑛
                                              (4) 

 

If CI < 0.1, the estimated values of the coefficients aij are consistent, and the 

deviation of λmax from n is negligible. In other words, this means that the AHP method 

accepts an inconsistency of less than 10%. 

Using the consistency index, the consistency ratio CR = CI/RI can be calculated, 

where RI is a random index. Random consistency indices are given in Table 2.  

 

Table 2. Random consistency indices  

Number of 

criteria (n) 
1 2 3 4 5 6 7 8 9 10 

RI 0 0 
0,5

8 

0,9

0 

1,1

2 

1,2

4 

1,3

2 

1,4

1 

1,4

5 

1,4

9 
Source: Hanine, M. et al. 2016 

 

 

3. THE TOPSIS METHOD 

 

The Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) 

has been used very successfully in evaluating companies' financial performance 

(Üçüncü et al., 2018). It is a multi-criteria decision-making technique originally 

developed and applied by Hwang and Yoon (1981) (Hwang, 1981; Hwang, 1995). 

According to this method, the alternatives are determined by their distances from the 

ideal solution. The aim is to choose an optimal alternative that is closest to the ideal 

solution, that is, furthest from the negative ideal solution (Young, 1994). A positive 

ideal solution maximizes utility, i.e. minimizes costs (associated with a given 

problem). In contrast, a negative ideal solution maximizes costs, i.e. minimizes utility 

(Yousefi 2010; Wang 2007).  

The TOPSIS method involves six steps (Üçüncü et al., 2018). 

 

Step 1: Construct an initial matrix  

 

In the initial matrix Aij, “m” denotes the number of alternatives and “n” the 

number of criteria: 

𝐴𝑖𝑗 =  |

𝑎11 𝑎12 ⋯ 𝑎1𝑛

𝑎21
𝑎22 ⋯ 𝑎2𝑛

⋮
𝑎𝑚1

⋮
𝑎𝑚2

⋱
⋯

⋮
𝑎𝑚𝑛

| 
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Step 2: Calculate the weighted normalised decision matrix  

 

The normalized decision matrix (Rij; i=1,…,m; j=1,…,n) is determined by 

equation (14) with the elements of the matrix Aij: 

𝑟𝑖𝑗 =  
𝑎𝑖𝑗

√∑ 𝑎𝑖𝑗
2𝑚

𝑖=1

                        (5) 

𝑡 = 1,2,3, … , 𝑚              𝑗 = 1,2,3, … , 𝑛 

𝑅𝑖𝑗 =  |

𝑟11 𝑟12
⋯ 𝑟1𝑛

𝑟21 𝑟22
⋯ 𝑟2𝑛

⋮
𝑟𝑚1

⋮
𝑟𝑚2

⋱ ⋮
⋯ 𝑟𝑚𝑛

| 

 

In the equation (6) the weighed measure “j” is represented by Wij. The weighted 

normalized decision matrix (Vij; i=1,…,m; j=1,…,n) is determined by using equation 

(6) with the elements of the normalized matrix: 

𝑉𝑖𝑗 =  𝑊𝑖𝑗 ∗  𝑟𝑖𝑗                               (6) 

𝑖 = 1,2,3, … , 𝑚                   𝑗 = 1,2,3, … , 𝑛 
 

Step 3: Determine the positive and the negative ideal solutions 

 

The values of the positive ideal solution (A+) and the negative ideal solution (A-

) are determined from the values of the weighted normalized matrix (Vij). A+ indicates 

a higher performance score, while A- indicates a lower performance score.  

The values of the positive ideal solution (A+) and the negative ideal solution (A-

) are determined as follows (equation (7) and (8), respectively): 

𝐴+ =  {𝑣𝑖
+, … , 𝑣𝑛

+} =  {(max
𝑖

𝑣𝑖𝑗 , 𝑗 ∈ 𝑗) (min
𝑖

𝑣𝑖𝑗 , 𝑗 ∈ 𝑗′)}  𝑖 = 1,2, … , 𝑚     (7)   

𝐴− =  {𝑣𝑖
−, … , 𝑣𝑛

−} =  {(min
𝑖

𝑣𝑖𝑗 , 𝑗 ∈ 𝑗) (max
𝑖

𝑣𝑖𝑗 , 𝑗 ∈ 𝑗′)}  𝑖 = 1,2, … , 𝑚     (8) 

where j is related to the benefit criterion, and j’ is related to the cost criterion. 

 

Step 4: Determine separation measures (i.e. the distance of alternatives from the 

ideal solution and the negative ideal solution) 

 

The distance from the positive ideal solution (Si
+) and the negative ideal solution 

(Si
-) for each alternative according to the given criterion is determined using equations 

(9) and (10). 

𝑆𝑖
+ =  √∑ (𝑣𝑖𝑗 −  𝑣𝑗

+)2
𝑛

𝑗=1
                      (9) 

𝑆𝑖
− =  √∑ (𝑣𝑖𝑗 − 𝑣𝑗

−)2  
𝑛

𝑗=1
                      (10) 

𝑖 = 1,2,3, … , 𝑚                     𝑗 =  1,2,3, … , 𝑛 
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Step 5: Determine the relative closeness coefficient to the ideal solution 

 

Separation measures of the positive ideal solution (Si
+) and the negative ideal 

solution  (Si
-) were used to determine the relative closeness to the ideal solution (Ci

+) 

for each decision point. Ci
+ represents the relative closeness to the ideal solution and 

its value can range between 0 ≤ Ci + ≤ 1. “Ci
+” = 1 indicates the relative closeness to 

the positive ideal solution.  “Ci
+” = 0 indicates relative closeness to the negative ideal 

solution. 

The relative closeness to the ideal solution (Ci
+; i=1,…,m; j=1,…,n) was 

determined using the following equation (11): 

𝐶𝑖
+ =  

𝑆𝑖
−

𝑆𝑖
− + 𝑆𝑖

+                                (11) 

𝑖 = 1,2,3, … , 𝑚                                    
 

Step 6: Rank the alternatives according to their scores 

 

The score represents a company's performance. Higher scores are indicative of 

stronger performance. The results can be used to determine a company’s ranking 

within an industry (Üçüncü et al., 2018). 

 

 

4. MEASURING THE IMPORTANCE OF SELECTED CRITERIA FOR THE 

PRODUCTIVITY OF EUROPEAN UNION RETAIL TRADE USING THE 

AHP METHOD 

 

The following criteria are selected for evaluating the productivity of EU retail 

trade: investment per person employed (C1), personnel costs (C2), wages and salaries 

(C3), share of personnel costs in total purchases of goods and services (C4), share of 

personnel costs in production (C5), turnover per person employed (C6), gross value 

added per employee (C7), apparent labour productivity (C8), wage adjusted labour 

productivity (C9), and average personnel costs (C10). Their weights were determined 

using the AHA method. Table 3 shows the initial matrix and priorities (criteria 

weights).  

 

Table 3. Resulting priorities based on the AHP method 

Resulting Priorities 

Priorities 

These are the resulting weights for the criteria based on the pairwise comparisons:  

Cat Priority Rank (+) (-) 

1 Investment per person employed  21.0% 3 11.6% 11.6% 

2 Personnel costs 21.8% 2 10.7% 10.7% 

3 Wages and Salaries  22.5% 1 10.3% 10.3% 

4 Share of personnel costs in total 

purchases o 

8.4% 5 3.7% 3.7% 
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5 Share of personnel costs in 

production 

8.9% 4 4.8% 4.8% 

6 Turnover per person employed 6.0% 6 3.2% 3.2% 

7 Gross value added per employee  4.4% 7 2.1% 2.1% 

8 Apparent labour productivity  2.3% 9 1.1% 1.1% 

9 Wage adjusted labour 

productivity  

2.8% 8 1.4% 1.4% 

10 Average personnel costs  1.9% 10 0.8% 0.8% 

Decision Matrix 

The resulting weights are based on the principal eigenvector of the decision matrix:   
1 2 3 4 5 6 7 8 9 10 

1 1 1.00 1.00 4.00 6.00 5.00 4.00 5.00 4.00 6.00 

2 1.00 1 1.00 5.00 5.00 5.00 6.00 5.00 4.00 6.00 

3 1.00 1.00 1 5.00 5.00 6.00 4.00 6.00 5.00 9.00 

4 0.25 0.20 0.20 1 1.00 2.00 4.00 5.00 4.00 5.00 

5 0.17 0.20 0.20 1.00 1 3.00 4.00 5.00 5.00 4.00 

6 0.20 0.20 0.17 0.50 0.33 1 2.00 4.00 5.00 5.00 

7 0.25 0.17 0.25 0.25 0.25 0.50 1 4.00 2.00 4.00 

8 0.20 0.20 0.17 0.20 0.20 0.25 0.25 1 1.00 1.00 

9 0.25 0.25 0.20 0.25 0.20 0.20 0.50 1.00 1 2.00 

10 0.17 0.17 0.11 0.20 0.25 0.20 0.25 1.00 0.50 1 

Number of comparisons = 45 Consistency Ratio CR = 8.4% Principal eigenvalue = 11.125 

Eigenvector solution: 7 iterations, delta = 5.3E-8 

Note: Authors’ calculation using the AHP online calculator 

 

 

5. MEASURING THE PRODUCTIVITY OF EUROPEAN UNION RETAIL 

TRADE USING THE TOPSIS METHOD 

 

Table 4 shows the initial data for measuring the productivity of European Union 

retail trade using the TOPSIS method. (The initial data were further processed using 

the ARAS Software.xlsx) 
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Table 4. Initial data for measuring the productivity of retail trade (Wholesale and 

retail trade; repair of motor vehicles and motorcycles) of the European Union, 2016  
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European 
Union - 28 

countries 

A1 

4.5 808013.1 646537.1 9.4 30.1 298 48 41 142 28.7 

Belgium 

A2 

12.4 24441.8 18541.8 5.7 22.7 733.8 86.9 69.2 139.5 49.6 

Bulgaria 
A3 

2.0 2462.7 2130.5 4.9 23.0 107.5 13.3 10.4 167.3 6.2 

Czechia 

A4 

3.8 7983.1 5940.4 6.3 23.4 197.0 29.7 21.2 134.6 15.8 

Denmark 
A5 

5.2 18107.0 16588.3 12.1 36.5 384.5 62.3 59.9 144.4 41.5 

Germany* 

A6 

4.0 181280.5 151057.4 10.8 35.9 311.2 52.9 48.3 153.5 31.5 

Estonia 

A7 

3.7 1341.1 1004.6 6.5 29.4 241.4 25.7 24.1 157.8 15.3 

Ireland 

A8 

9.2 12759.2 11396.9 7.9 29.8 515.2 66.7 62.4 163.1 38.3 

Greece 

A9 

2.1 8172.8 6568.4 8.7 31.9 144.1 22.1 14.7 84.4 17.4 

Spain 

A10 

3.2 65626.7 51614.1 10.3 34.5 233.2 42.2 33.5 125.8 26.6 

France 

A11 

5.9 134447.9 97219.8 11.1 32.7 408.3 57.4 51.3 118.8 43.2 

Croatia 

A12 

2.1 2551.1 2194.1 9.1 28.8 137.3 21.2 19.5 159.7 12.2 

Italy 

A13 

4.0 69499.0 51095.6 8.0 24.4 291.0 65.0 39.5 116.6 33.9 

Cyprus 

A14 

2.3 1129.1 998.5 11.7 40.1 175.4 28.1 26.8 146.1 18.3 

Latvia 

A15 

2.3 1409.7 1146.2 5.9 26.0 163.6 16.9 15.9 169.5 9.4 

Lithuania 

A16 

2.6 2224.8 1703.2 7.5 29.3 128.9 17.6 15.7 160.4 9.8 

Luxembou

rg 

A17 

10.2 2345.3 2054.9 3.2 15.4 1551.3 105.7 102.2 214.7 47.6 

Hungary 
A18 

2.7 5246.8 4175.3 6.6 25.6 154.7 18.9 16.5 158.0 10.5 

Malta 

A19 

2.8 445.4 417.0 6.2 20.6 238.3 38.3 30.3 184.4 16.4 
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Netherland

s 
A20 

4.1 42300.2 34182.1 7.9 26.9 414.4 59.9 53.0 165.0 32.1 

Austria 

A21 

4.8 23157.2 17726.1 11.5 33.5 365.5 61.1 54.2 136.7 39.7 

Poland 

A22 

2.2 18261.5 15244.0 5.9 21.1 154.7 22.6 17.0 160.6 10.6 

Portugal 

A23 

3.7 10454.2 8143.0 9.0 32.3 171.0 26.6 21.9 129.3 16.9 

Romania 

A24 

3.7 6155.6 5021.7 6.2 19.9 122.9 16.6 15.6 217.2 7.2 

Slovenia 

A25 

4.9 2264.3 1975.5 8.3 29.2 272.2 38.8 34.0 150.4 22.6 

Slovakia 

A26 

4.6 3322.1 2505.7 6.8 22.4 159.5 23.8 17.9 139.7 12.8 

Finland 

A27 

5.0 10570.6 8426.6 10.3 34.0 399.2 57.6 52.8 132.3 39.9 

Sweden 

A28 

4.9 29759.6 20819.0 12.4 38.0 415.5 72.2 61.6 119.5 51.6 

United 

Kingdom 
A29 

6.3 120293.9 106646.4 9.9 26.7 315.5 50.2 48.5 183.0 26.5 

Serbia 

A30 

2.0 1481.7 1285.1 0 23.6 117.1 12.9 11.4 166.7 6.9 

*(until 1990 former territory of the FRG) 

Source: Eurostat 

 

Table 5 shows the initial matrix of the TOPSIS method.  

 

Table 5. Initial Matrix 

weights of 

criteria 

0.21 0.218 0.225 0.084 0.089 0.06 0.044 0.023 0.028 0.019 

kind of 

criteria 

1 -1 1 1 1 1 1 1 1 -1 

 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

A1 4.5 808013.1 646537 9.4 30.1 298 48 41 142 28.7 

A2 12.4 24441.8 18541.8 5.7 22.7 733.8 86.9 69.2 139.5 49.6 

A3 2 2462.7 2130.5 4.9 23 107.5 13.3 10.4 167.3 6.2 

A4 3.8 7983.1 5940.4 6.3 23.4 197 29.7 21.2 134.6 15.8 

A5 5.2 18107 16588.3 12.1 36.5 384.5 62.3 59.9 144.4 41.5 

A6 4 181280.5 151057 10.8 35.9 311.2 52.9 48.3 153.5 31.5 

A7 3.7 1341.1 1004.6 6.5 29.4 241.4 25.7 24.1 157.8 15.3 
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A8 9.2 12759.2 11396.9 7.9 29.8 515.2 66.7 62.4 163.1 38.3 

A9 2.1 8172.8 6568.4 8.7 31.9 144.1 22.1 14.7 84.4 17.4 

A10 3.2 65626.7 51614.1 10.3 34.5 233.2 42.2 33.5 125.8 26.6 

A11 5.9 134447.9 97219.8 11.1 32.7 408.3 57.4 51.3 118.8 43.2 

A12 2.1 2551.1 2194.1 9.1 28.8 137.3 21.2 19.5 159.7 12.2 

A13 4 69499 51095.6 8 24.4 291 65 39.5 116.6 33.9 

A14 2.3 1129.1 998.5 11.7 40.1 175.4 28.1 26.8 146.1 18.3 

A15 2.3 1409.7 1146.2 5.9 26 163.6 16.9 15.9 169.5 9.4 

A16 2.6 2224.8 1703.2 7.5 29.3 128.9 17.6 15.7 160.4 9.8 

A17 10.2 2345.3 2054.9 3.2 15.4 1551.3 105.7 102.2 214.7 47.6 

A18 2.7 5246.8 4175.3 6.6 25.6 154.7 18.9 16.5 158 10.5 

A19 2.8 445.4 417 6.2 20.6 238.3 38.3 30.3 184.4 16.4 

A20 4.1 42300.2 34182.1 7.9 26.9 414.4 59.9 53 165 32.1 

A21 4.8 23157.2 17726.1 11.5 33.5 365.5 61.1 54.2 136.7 39.7 

A22 2.2 18261.5 15244 5.9 21.1 154.7 22.6 17 160.6 10.6 

A23 3.7 10454.2 8143 9 32.3 171 26.6 21.9 129.3 16.9 

A24 3.7 6155.6 5021.7 6.2 19.9 122.9 16.6 15.6 217.2 7.2 

A25 4.9 2264.3 1975.5 8.3 29.2 272.2 38.8 34 150.4 22.6 

A26 4.6 3322.1 2505.7 6.8 22.4 159.5 23.8 17.9 139.7 12.8 

A27 5 10570.6 8426.6 10.3 34 399.2 57.6 52.8 132.3 39.9 

A28 4.9 29759.6 20819 12.4 38 415.5 72.2 61.6 119.5 51.6 

A29 6.3 120293.9 106646 9.9 26.7 315.5 50.2 48.5 183 26.5 

A30 2 1481.7 1285.1 0 23.6 117.1 12.9 11.4 166.7 6.9 

 

MAX 12.4 808013.1 646537.1 12.4 40.1 1551.3 105.7 102.2 217.2 51.6 

MIN 2 1129.1 998.5 4.9 22.7 107.5 13.3 10.4 84.4 6.2 

0-Optimal 

Value 

12.4 1129.1 646537.1 12.4 40.1 1551.3 105.7 102.2 217.2 51.6 

 

Table 6 shows the normalized matrix of the TOPSIS method. 

 

Table 6. Normalized Matrix 

weights of 

criteria 

0.21 0.218 0.225 0.084 0.089 0.06 0.044 0.023 0.028 

kind of 

criteria 

1 -1 1 1 1 1 1 1 -1 

  C1 C2 C3 C4 C5 C6 C7 C8 C9 

0-Optimal 

Value 

0.0864 0.0910 0.3331 0.0491 0.0452 0.1427 0.0773 0.0857 0.0456 

A1 0.0313 0.0001 0.3331 0.0372 0.0339 0.0274 0.0351 0.0344 0.0298 

A2 0.0864 0.0042 0.0096 0.0226 0.0256 0.0675 0.0636 0.0580 0.0293 

A3 0.0139 0.0417 0.0011 0.0194 0.0259 0.0099 0.0097 0.0087 0.0352 

A4 0.0265 0.0129 0.0031 0.0250 0.0264 0.0181 0.0217 0.0178 0.0283 

A5 0.0362 0.0057 0.0085 0.0479 0.0411 0.0354 0.0456 0.0502 0.0303 

A6 0.0279 0.0006 0.0778 0.0428 0.0404 0.0286 0.0387 0.0405 0.0323 

A7 0.0258 0.0766 0.0005 0.0257 0.0331 0.0222 0.0188 0.0202 0.0332 

A8 0.0641 0.0081 0.0059 0.0313 0.0336 0.0474 0.0488 0.0523 0.0343 

A9 0.0146 0.0126 0.0034 0.0345 0.0359 0.0133 0.0162 0.0123 0.0177 

A10 0.0223 0.0016 0.0266 0.0408 0.0389 0.0214 0.0309 0.0281 0.0264 
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weights of 

criteria 

0.21 0.218 0.225 0.084 0.089 0.06 0.044 0.023 0.028 

kind of 

criteria 

1 -1 1 1 1 1 1 1 -1 

  C1 C2 C3 C4 C5 C6 C7 C8 C9 

A11 0.0411 0.0008 0.0501 0.0440 0.0368 0.0376 0.0420 0.0430 0.0250 

A12 0.0146 0.0403 0.0011 0.0360 0.0324 0.0126 0.0155 0.0164 0.0336 

A13 0.0279 0.0015 0.0263 0.0317 0.0275 0.0268 0.0476 0.0331 0.0245 

A14 0.0160 0.0910 0.0005 0.0463 0.0452 0.0161 0.0206 0.0225 0.0307 

A15 0.0160 0.0729 0.0006 0.0234 0.0293 0.0150 0.0124 0.0133 0.0356 

A16 0.0181 0.0462 0.0009 0.0297 0.0330 0.0119 0.0129 0.0132 0.0337 

A17 0.0710 0.0438 0.0011 0.0127 0.0173 0.1427 0.0773 0.0857 0.0451 

A18 0.0188 0.0196 0.0022 0.0261 0.0288 0.0142 0.0138 0.0138 0.0332 

A19 0.0195 0.2306 0.0002 0.0246 0.0232 0.0219 0.0280 0.0254 0.0388 

A20 0.0286 0.0024 0.0176 0.0313 0.0303 0.0381 0.0438 0.0444 0.0347 

A21 0.0334 0.0044 0.0091 0.0455 0.0377 0.0336 0.0447 0.0455 0.0287 

A22 0.0153 0.0056 0.0079 0.0234 0.0238 0.0142 0.0165 0.0143 0.0338 

A23 0.0258 0.0098 0.0042 0.0356 0.0364 0.0157 0.0195 0.0184 0.0272 

A24 0.0258 0.0167 0.0026 0.0246 0.0224 0.0113 0.0121 0.0131 0.0456 

A25 0.0341 0.0454 0.0010 0.0329 0.0329 0.0250 0.0284 0.0285 0.0316 

A26 0.0320 0.0309 0.0013 0.0269 0.0252 0.0147 0.0174 0.0150 0.0294 

A27 0.0348 0.0097 0.0043 0.0408 0.0383 0.0367 0.0421 0.0443 0.0278 

A28 0.0341 0.0035 0.0107 0.0491 0.0428 0.0382 0.0528 0.0517 0.0251 

A29 0.0439 0.0009 0.0549 0.0392 0.0301 0.0290 0.0367 0.0407 0.0385 

A30 0.0139 0.0693 0.0007 0.0000 0.0266 0.0108 0.0094 0.0096 0.0350 

 

Table 7 shows the normalized weighted matrix. 

 

Table 7. Normalized Weighted Matrix  
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

0- 

Optimal 

Value 

0.0181 0.0198 0.0750 0.0041 0.0040 0.0086 0.0034 0.0020 0.0013 0.0012 

A1 0.0066 0.0000 0.0750 0.0031 0.0030 0.0016 0.0015 0.0008 0.0008 0.0007 

A2 0.0181 0.0009 0.0021 0.0019 0.0023 0.0040 0.0028 0.0013 0.0008 0.0012 

A3 0.0029 0.0091 0.0002 0.0016 0.0023 0.0006 0.0004 0.0002 0.0010 0.0001 

A4 0.0056 0.0028 0.0007 0.0021 0.0023 0.0011 0.0010 0.0004 0.0008 0.0004 

A5 0.0076 0.0012 0.0019 0.0040 0.0037 0.0021 0.0020 0.0012 0.0008 0.0010 

A6 0.0058 0.0001 0.0175 0.0036 0.0036 0.0017 0.0017 0.0009 0.0009 0.0008 

A7 0.0054 0.0167 0.0001 0.0022 0.0029 0.0013 0.0008 0.0005 0.0009 0.0004 

A8 0.0135 0.0018 0.0013 0.0026 0.0030 0.0028 0.0021 0.0012 0.0010 0.0009 

A9 0.0031 0.0027 0.0008 0.0029 0.0032 0.0008 0.0007 0.0003 0.0005 0.0004 

A10 0.0047 0.0003 0.0060 0.0034 0.0035 0.0013 0.0014 0.0006 0.0007 0.0006 

A11 0.0086 0.0002 0.0113 0.0037 0.0033 0.0023 0.0018 0.0010 0.0007 0.0010 

A12 0.0031 0.0088 0.0003 0.0030 0.0029 0.0008 0.0007 0.0004 0.0009 0.0003 

A13 0.0058 0.0003 0.0059 0.0027 0.0024 0.0016 0.0021 0.0008 0.0007 0.0008 

A14 0.0034 0.0198 0.0001 0.0039 0.0040 0.0010 0.0009 0.0005 0.0009 0.0004 
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C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

A15 0.0034 0.0159 0.0001 0.0020 0.0026 0.0009 0.0005 0.0003 0.0010 0.0002 

A16 0.0038 0.0101 0.0002 0.0025 0.0029 0.0007 0.0006 0.0003 0.0009 0.0002 

A17 0.0149 0.0095 0.0002 0.0011 0.0015 0.0086 0.0034 0.0020 0.0013 0.0011 

A18 0.0039 0.0043 0.0005 0.0022 0.0026 0.0009 0.0006 0.0003 0.0009 0.0003 

A19 0.0041 0.0503 0.0000 0.0021 0.0021 0.0013 0.0012 0.0006 0.0011 0.0004 

A20 0.0060 0.0005 0.0040 0.0026 0.0027 0.0023 0.0019 0.0010 0.0010 0.0008 

A21 0.0070 0.0010 0.0021 0.0038 0.0034 0.0020 0.0020 0.0010 0.0008 0.0010 

A22 0.0032 0.0012 0.0018 0.0020 0.0021 0.0009 0.0007 0.0003 0.0009 0.0003 

A23 0.0054 0.0021 0.0009 0.0030 0.0032 0.0009 0.0009 0.0004 0.0008 0.0004 

A24 0.0054 0.0036 0.0006 0.0021 0.0020 0.0007 0.0005 0.0003 0.0013 0.0002 

A25 0.0072 0.0099 0.0002 0.0028 0.0029 0.0015 0.0012 0.0007 0.0009 0.0005 

A26 0.0067 0.0067 0.0003 0.0023 0.0022 0.0009 0.0008 0.0003 0.0008 0.0003 

A27 0.0073 0.0021 0.0010 0.0034 0.0034 0.0022 0.0019 0.0010 0.0008 0.0010 

A28 0.0072 0.0008 0.0024 0.0041 0.0038 0.0023 0.0023 0.0012 0.0007 0.0012 

A29 0.0092 0.0002 0.0124 0.0033 0.0027 0.0017 0.0016 0.0009 0.0011 0.0006 

A30 0.0029 0.0151 0.0001 0.0000 0.0024 0.0006 0.0004 0.0002 0.0010 0.0002 

 

Table 8 and Figure 2 show the decision matrix rankings of the TOPSIS method. 

 

Table 8. Decision matrix rankings 
  S K Ranking 

0-Optimal Value 0.1375 1.0000   

European Union - 28 countries   A1 0.0932 0.6778 1 

Belgium   A2 0.0356 0.2586 5 

Bulgaria   A3 0.0186 0.1349 24 

Czechia   A4 0.0171 0.1245 26 

Denmark   A5 0.0256 0.1860 14 

Germany (until 1990 former territory of the FRG)   A6 0.0367 0.2668 4 

Estonia   A7 0.0313 0.2273 9 

Ireland   A8 0.0302 0.2198 10 

Greece   A9 0.0154 0.1118 29 

Spain   A10 0.0226 0.1641 20 

France   A11 0.0339 0.2463 7 

Croatia   A12 0.0211 0.1532 23 

Italy   A13 0.0232 0.1684 17 

Cyprus   A14 0.0349 0.2539 6 

Latvia   A15 0.0269 0.1958 12 

Lithuania   A16 0.0223 0.1619 21 

Luxembourg   A17 0.0437 0.3174 3 

Hungary   A18 0.0164 0.1194 28 

Malta   A19 0.0632 0.4593 2 

Netherlands   A20 0.0228 0.1657 19 

Austria   A21 0.0240 0.1746 16 

Poland   A22 0.0134 0.0974 30 

Portugal   A23 0.0181 0.1318 25 

Romania   A24 0.0167 0.1211 27 
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  S K Ranking 

Slovenia   A25 0.0278 0.2022 11 

Slovakia   A26 0.0214 0.1555 22 

Finland   A27 0.0241 0.1749 15 

Sweden   A28 0.0260 0.1892 13 

United Kingdom   A29 0.0337 0.2453 8 

Serbia   A30 0.0230 0.1671 18 

 

Figure 2. Decision matrix rankings 

 

In 2016, in the selected EU Member States, the productivity of retail trade 

measured by turnover per person employed (expressed in thousands of euros) 

amounted to: Germany - 311.2, France - 408.3, Italy - 291.0, Spain - 233.2, the United 

Kingdom - 315.5, Croatia - 137.3, Slovenia - 272.2, and Serbia - 117.1. The 

productivity of the retail trade of the ‘old’ Member States was higher than the 

European Union average (298). As for the productivity of Serbia's retail trade, it was 

lower than in Croatia and, in particular, Slovenia, but higher in comparison to 

Bulgaria. It should be noted that the productivity of retail trade in Serbia has recently 

increased. 

Based on the decision matrix rankings obtained using the TOPSIS method, we 

can conclude that in terms of retail productivity achieved in 2016, Malta ranked first, 

Cyprus ranked second, Latvia ranked third, and Estonia was fourth, which indicates 

that retail trade productivity is not related to the size of the market. As for retail 

productivity in some countries in South-Eastern Europe, Slovenia ranked 11th, Croatia 

ranked 23rd and Serbia ranked 18th. 

Retail productivity is affected by a number of factors. However, the following 

factors are the ones that depend on companies themselves and their strategic 

orientation: increasing application of modern cost management concepts (for 

example, activity-based costing), product category management, Japanese business 

philosophy, private brand development, increasing organic product sales, accelerated 
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digitalisation of the entire business. The application of new business models in retail 

trade varies across countries and, as a result, so does their productivity. 

Based on the empirical research conducted for the purpose of this paper, we can 

conclude that retail productivity measured by turnover per person employed 

(expressed in thousands of euros) in 2016 amounted from 1,551.3 in Luxemburg to 

107.5 in Bulgaria (EU average 298). As for Serbia’s results, it makes sense to compare 

them with neighbouring countries or those with similar development trajectory: retail 

productivity in Croatia was 137.3, in Slovenia it was 272.2 in Slovenia, whereas it 

amounted to 117.1 in Serbia. The productivity of retail trade of Germany, France, and 

the United Kingdom was above the European Union average (298). As for the 

productivity of Serbia's retail trade, it is lower than in Croatia and, in particular, 

Slovenia. However, it is of note that the productivity in Serbia has been increasing 

lately. 

The decision matrix results obtained using the TOPSIS method show that in 

2016 the retail trade of Malta was best ranked. Looking specifically at some countries 

of South-Eastern Europe (Croatia, Slovenia, Hungary, Romania, Bulgaria, Serbia), 

Croatia is in the 23th, Slovenia in the 11th, and Serbia in the 18th place. Recently, Serbia 

experienced an increase in the retail trade productivity as a result of several factors, 

such as improved general business conditions, reduced public debt, low bank interest 

rates, stable exchange rate, low inflation, reduced unemployment, increased 

purchasing power of the population, increasing number of foreign retail chains with 

new business models (multi-channel retailing, private label, organic products). 

As retailers are constantly seeking for ways to increase their productivity and 

thus profits, further research using the TOPSIS method might provide certain 

alternative solutions and enable managers to take into account different options. By 

alternating the factors, i.e. criteria for evaluation, we could detect their impact on the 

decision matrix rankings and thus determine how they influence the retail trade 

productivity. Given that business in 2020 has been marked by Covid-19 pandemic and 

its aftermath, the TOPSIS method will enable us to determine the most significant 

factors in retail trade productivity during national and local lock-downs once the 

pandemic is over. 

 

 

6. CONCLUSION 

 

Retail trade productivity is an important research topic for practical day-to-day 

business decisions as well as for theoretical considerations on which strategic 

decisions can be based. In this context, our research using the APH-TOPSIS method 

shows the recent situation in the EU as a whole, in individual Member States and the 

Republic of Serbia as a candidate country.  

Based on the empirical research conducted for the purpose of this paper, we can 

conclude that retail trade productivity measured by turnover per person employed 

(expressed in thousands of euros) in ‘new’ Member States (i.e. those countries that 

joined the EU in 2004 or later) was below the European Union average (298). For 

example, in 2016 it amounted to 241.4 in Estonia, 122.9 in Romania, whereas the 

lowest value of 107.5 was recorded in Bulgaria. 
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Based on the decision matrix rankings obtained using the TOPSIS method, we 

can conclude that in terms of retail productivity achieved in 2016, the European Union 

viewed as a whole ranked first, Malta ranked second, Luxembourg ranked third, and 

Germany was fourth. Among the countries of South-Eastern Europe, Slovenia 

achieved a very good ranking, which is not unexpected given its overall level of 

development. 

Retail productivity is affected by both external and internal factors. Although 

retail trade is one of the oldest economic sectors, retailers need to apply not only new 

technologies, but also new business models, such as modern cost management 

concepts (for example, activity-based costing), product category management, 

Japanese business philosophy, private brand development, increasing organic product 

sales, and digitalisation of the entire business and others. Retailers in countries lagging 

behind in retail productivity need to accelerate the changes in their business practices 

and adopt modern business models that suit their circumstances and general business 

environment.  
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Abstract  

 

Companies that are in the supply chain of a product are usually quite 

conservative in their changes, and supply chains are stable and unchangeable because 

all participants in the chain are partners. On the one hand, this is a positive 

characteristic of chains, on the other hand, it prevents formation of such a property of 

chains as flexibility in relation to products` customers. Customers determine demand 

characteristics, but they depend on both external and internal factors. This 

circumstance forces supply chains to look for the ways of implementing the flexibility 

characteristics in relation to customers. 

In this paper, a concept for developing supply chain flexibility is considered. A 

mechanism for its implementation was tested when configuring supply chains with 

the customers` participation. It is estimated that this will allow us to solve the issues 

of manufacturing orders within the framework of the main requirements of customers 

in terms of price, speed and quality in an order follow-up due to the fact that a 

customer directly affects formation of the supply chain in the process of order. 

 

Key words: supply chains, flexibility, order, customer, individualized products, 

demand, production enterprise. 

 
 

1. INTRODUCTION 

 

Necessity to focus logistics on individual customer requests is noted by many 

researchers, in particular (Waters, 2003), (Stock, 2005), (Johnson, 2002) and others. 

At the same time, it is revealed that in case of production strategies` adaptation to the 

individual requirements of a customer, the transformation of supply chains occurs, 
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and they become individualized. McKinsey experts believe that “development of 

specialized products will provide optimal value for the customer and help to minimize 

costs and inventory in the supply chain” (McKinsey&Company, 2016). 

This paper examines the possibility of developing such a specialized product that 

allows configuring the supply chains of individualized products, that is industrially 

manufactured serial products, but taking into account consumers` individual 

requirements for each specific order. 

Conceptual requirements for supply chains of individualized products that 

reflect their features are the following: 

 improving efficiency of material flows through supply chains by reducing length 

of production cycles of enterprises participating in supply chains; 

 optimizing inventory levels and reduce delivery terms in conditions of 

distributed assembly of customized products; 

 increasing the level of customer satisfaction by increasing the flexibility of 

supply chains and rapid response to changing customer requirements by 

attracting customers to the initial stage of creating supply chains of customized 

products; 

 achieving the realized goals of supply chains through cooperation between chain 

participants by developing integration technologies for inter-organizational 

coordination in the supply chains of individualized products. 

Conceptual requirements for supply chains of individualized products allow us 

to identify their specific features: 

 customized product supply chains are flexible, allowing one to change 

components` suppliers quickly to meet customer`s needs, creating different 

combinations and configurations of supply chain participants for each order; 

 the material flow in the supply chains of individualized products on the way from 

the source of raw materials to the final consumer passes through the supply 

chain, in the production links of which the conversion of components and 

assembly modules into finished individualized products takes place; 

 the main task of logistics in the supply chains of individualized products in the 

conditions of distributed assembly is to provide manufacturing enterprises with 

components and assembly modules of the necessary quantity and quality within 

the deadlines set by orders and customers; 

 the flexibility of enterprises` logistics systems in the supply chains of 

individualized products is provided by availability of universal equipment and 

service personnel at production enterprises, which allows them to dynamically 

reconfigure to produce other products, increase production capacity or reduce 

production volume. 

The study compares the processes in supply chains in the production of 

standardized, mass-produced products with the processes in the supply chains of 

individualized products. It follows from the analysis that the specifics of supply chains 

for individualized products differs from supply chains for mass production and from 

production to order. Products of individualized production are produced in small 

batches, the final version of the product is agreed with the customer before moving 

through the supply chain, which is perceived by the consumer as a unique service. In 

the supply chains of individualized products, there are almost no warehouse stocks of 
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finished products, stocks of work-in-progress, and the volume of raw materials and 

materials is minimal to ensure operational work. Consequently, there is a significant 

reduction in warehouse costs and inventory. Enterprises of individualized products 

apply “just in time” principle. 

However, individualization of supply chains also has disadvantages: getting 

information from customers is difficult; logistics and distribution of real products to 

real consumers in real time and with a regulated real price is complicated; the 

production process must be flexible, which leads to an increase in material and 

production costs. The types of functional problems, sources and causes of problems 

in the supply chains of individualized products are studied on the example of the 

individualized market of translucent structures in the Krasnoyarsk territory. Based on 

the results of the study, options for measures to solve the identified problems are 

proposed. 

It is determined that a way to solve existing problems in the supply chains of 

individualized products is integrative. At the same time, if we apply existing logistics 

methods for supply chains of individualized products, it causes characteristic 

management problems associated with the lack of methodological tools for logistics 

to solve problems of managing supply chains of individualized products in a 

distributed assembly. 

The identified problems and their causes, however, do not prevent the increasing 

role of individualized production in the regional economy. This is due to the fact that 

individualized production is mainly engaged in small and medium-sized businesses, 

which is associated with a fairly low “entry threshold” in the market due to the low 

cost of equipment, and due to the specific need to quickly respond to individualized 

orders of end customers, which large enterprises are unable to respond quickly. 

 

 

2. ANALYSIS OF THE INDIVIDUALIZED PRODUCTS` REGIONAL 

MARKET  

 

Actually, it is possible to differentiate all participants in two levels of an 

individualized supply chain: the first level combines material flows, the second level 

– information, i.e. management flows (Fig. 1). 

 

Figure 1. Two levels of flows in an individualized product` supply chain 

 
Source: Lukinykh, 2010 
 

Level 1 – Logistics operator 

Level 2 - Enterprises – supply chain 

participants 

Interface of supply chain formation  

Output flow Input flow 

Order delivery  Customer`s 

order 

Tasks to supply chain enterprises Monitoring of supply chain work 
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Introduction of a management level is caused by the fact that deviations from 

standard conditions requested by a customer regularly occur, which brings elements 

of stochasticity to the flow of individualized production. Therefore, in connection with 

the need to implement the principles of flexibility and dynamism of supply chains of 

individualized products and reduce risks for non-standard types or unpredictability of 

orders, it is proposed to introduce a management link called “Logistics operator”. The 

logistics operator is a link in the supply chain of manufacturing enterprises and it 

performs the function of inter-organizational coordination in the supply chains of 

individualized products in accordance with the content of end customers` orders – 

consumers. 

The problem of inter-organizational coordination is proposed to be solved by 

taking into account that the process of optimal formation of individualized products` 

supply chains has two main directions: optimization of supply chain elements and 

ensuring effective interaction between the supply chain links. The following 

principles are taken into account: consistency, hierarchy, integrity, formality, structure 

and variability. 

In the research process features of the strategic positioning of firms in channels 

of distribution and features of enterprises` aggregation in supply chains on the 

example of Krasnoyarsk region are identified. For this purpose, the analysis of 

enterprises producing plastic windows was carried out (Tab.1). 

 

Table 1. Analysis of the enterprises producing plastic windows in the Krasnoyarsk 

region   
Enterprise Volu

me 

pcs/ 

mnth 

Price 

segment 

Profile 

quantity

pcs 

Furnit

ure 

quanti

ty, 

pcs 

Geography Chanel 

distribution 

participants 

Service 

level 

(by 

experts) 

1 2 3 4 5 6 7 8 

“Avangard” 500 Middle 

Economy+ 

4 2 Krasnoyarsk, 

Krasnoyarsk 

region 

Dealers, 

builders, 

private 

individual  

Low 

“Alter” 200 Economy 2 2 Krasnoyarsk, 

Sosnovoborsk 

Builders Low 

“Artiks” 500 Premium, 

Middle 

4 2 Krasnoyarsk, 

Krasnoyarsk 

region  

Dealers, 

builders, 

private 

individual  

High 

“Artservice” 100 Economy 4 2 Krasnoyarsk Private 

individual 

Low 

“Arttech” 500 Premium, 

Economy+ 

4 3 Krasnoyarsk, 

Krasnoyarsk 

region  

Dealers, 

builders, 

private 

individual  

High 
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“Bavarskiye 

okna” 

500 Middle 

Economy+ 

3 1 Krasnoyarsk Private 

individual, 

dealers 

High 

“Bimax” 

 

 

 

700 Premium, 

Economy 

4 2 Krasnoyarsk, 

Krasnoyarsk 

region 

Dealers, 

builders 

Middle 

1 2 3 4 5 6 7 8 

«BFK-

Yenisey” 

4500 Premium, 

Middle  

4 1 Krasnoyarsk 

region  

Dealers, 

builders 

High 

“Vitrazh” 500 Middle, 

Economy  

4 1 Achinsk,  

Krasnoyarsk 

region 

Dealers, 

builders 

Middle 

“Vlanta” 100 Economy 2 1 Krasnoyarsk Private 

individual 

Low 

“Zodchy” 200 Economy 2 2 Sharypovo, 

Krasnoyarsk 

region  

Private 

individual, 

builders 

Middle 

“Introkna” 300 Middle 1 2 Krasnoyarsk Builders Low 

“Comfort+” 200 Middle 2 2 Zelenogorsk,  

Krasnoyarsk 

region 

Private 

individual, 

builders 

Middle 

“KrasAl” 500 Premium,  

Economy 

3 2 Krasnoyarsk, 

Krasnoyarsk 

region 

Dealers, 

builders 

Middle 

“KrasZapadSi

bStroy” 

200 Middle 1 1 Krasnoyarsk Builders Low 

“YarDecor” 100 Middle 4 2 Krasnoyarsk, 

Krasnoyarsk 

region 

Dealers, 

builders 

Middle 

“Module” 100 Middle 4 2 Krasnoyarsk Private 

individual, 

builders 

Middle 

МSК 200 Economy 1 2 Krasnoyarsk Builders Low 

SPK 400 Economy + 1 1 Krasnoyarsk Builders Middle 

“Okna BNV” 1000 Middle, 

Economy 

3 1 Krasnoyarsk, 

Krasnoyarsk 

region 

Dealers, 

builders, 

private 

individual 

High 

“Okno” 500 Middle. 

Economy 

 

3 2 Krasnoyarsk, 

Krasnoyarsk 

region 

Dealers, 

builders, 

private 

Middle 
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individual 

“Plastica” 1000 Economy,  

Economy+ 

4 2 Krasnoyarsk, 

Krasnoyarsk 

region 

Dealers, 

private 

individual 

Middle 

“Plastic-off” 200 Premium,   

Economy 

3 2 Krasnoyarsk Dealers, 

private 

individual 

Middle 

1 2 3 4 5 6 7 8 

“МЗ2” 100 Middle 1 1 Krasnoyarsk 

region 

Builders Middle 

“SibAlPlast” 100 Economy 1 1 Krasnoyarsk Private 

individual 

Low 

SLM 1500 Economy 1 1 Krasnoyarsk Builders Middle 

“Sovremenny

e okna” 

5000 Premium,  

Middle 

Economy 

Economy+ 

8 3 Krasnoyarsk,  

Abakan, 

Krasnoyarsk 

region  

Dealers, 

builders, 

private 

individual 

High 

“Formica” 100 Middle 2 1 Krasnoyarsk 

region 

Builders, 

private 

individual  

Middle 

“Fenestra” 500 Middle 1 1 Krasnoyarsk Builders Middle 

“Yakubchak” 200 Middle 2 2 Krasnoyarsk 

region 

Dealers, 

private 

individual 

Middle 

Others 4500       

Total 25000       

Source: authors` development 

 

Analysis of the data shown in table 1 allowed us to formulate the following 

conclusions: 

1. Large number of window manufacturers in the Krasnoyarsk region leads to a 

significant level of competition in the market. 

2. Firms are represented in all price segments: the majority in the “Economy” segment 

(35%) and “Economy+” (30%), a large number in the middle price segment (25%) 

and a small number in the “Premium” segment (10%). 

3. Large firms operate in all distribution channels; all price segments and they are 

widely represented geographically. Small firms specialize in local markets and a 

narrow group of customers. 

4. Market leaders are characterized by a high level of service, which allows one to 

apply a premium for quality and service. Companies that specialize in the construction 

market offer the level of service required for this particular target audience. In fact, 

each market segment has its own specific requirements for products and service levels. 
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Based on the characteristics considered, window enterprises in Krasnoyarsk are 

grouped into strategic groups by the number of distribution channels in the supply 

chain and the occupied market segment. 

There are about fifty manufacturing enterprises engaged in production of 

individualized products - plastic windows- in the regional market of the Krasnoyarsk 

region. All production enterprises were divided into groups, depending on the 

production capacity and distribution channels of finished products: 

Group 1 includes large regional firms (4000-5000 products per month) that have 

an extensive dealer network, a developed retail sales network, and work with builders. 

They have a large number of personnel (more than 100 people); productive equipment 

(100-200 products per shift); large production areas of 4000-5000 m2; well-developed 

sales department (dealer department, private clients` department, corporate 

department); large staff of installers; marketing department. They are present in every 

market segment and in all price groups. They have a supply department, partner 

programs with suppliers, and discounts for purchasing large quantities of components. 

The service level is high. 

Group 2  - average regional firms (500-1500 products per month), that have a 

dealer network in the region, sales offices in Krasnoyarsk, do not have sales offices 

in other cities of the region, participate in construction projects. The number of 

personnel is from 20 to 100 people; equipment with a capacity of 20 to 100 products 

per shift. Production shop is 1000-2000 m2. Larger companies have a dealer 

department, but the bulk of them do not, and the sales office performs universal 

functions. There is usually no marketing department. Market presence is in some price 

segments, in most sales channels. Not every company has a supply department, and 

there are usually partner programs with suppliers. They also have discounts from 

suppliers for purchases of large quantities of goods. The service level is high, 

sometimes medium (depending on the sales channel). 

Group 3 includes small firms (100 - 400 products per month), specializing in 

one of the market segments, sometimes go to other segments. Production equipment 

is 20-40 products per shift; production shop is 200 - 500 m2. There is no marketing 

department or dealer department. The head of the company with the office staff 

performs all functions. There is usually one, sometimes two, distribution channels. 

There is no supply department as well. Partner programs are minimal, at the level of 

advertising support. Large quantities are rarely purchased, and discounts are minimal. 

The service level is average. 

Group 4 includes small firms (up to 100 products per month). Production 

equipment is minimal (10 -15 items per shift), located in small workshops (20 - 50 

m2). Sales offices either do not exist at all, or it is one and small. There is one or two 

persons in an installation team, who are often outsourced. Price segment is one. 

Distribution channels is one. There is no supply department, no partner programs, no 

discounts. There are no delays. The service level is low. 

Group 5 includes window companies at construction companies. Production 

capacity is 100-1500 products per month (directly depends on the size of the 

construction company that created such a division). They provide a specific level of 

service for a construction company (they can take payment in square meters, have a 

large number of installation teams, and rarely carry warranty obligations for 
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commissioned objects). As a rule, they work in the "economy" segment, sometimes 

in the middle price segment. The distribution channel is one (the construction 

company that created the window company sometimes takes contracts from other 

construction companies). The supply department is built on the model of a 

construction company's supply. Partner`s programs are usually not needed. Discounts 

are given per square meters when purchasing is in cash, or deferred payments, or 

agreement to work on specific conditions. 

The results of the authors` analysis of the strategic positioning of enterprises in 

the market of individualized products such as plastic windows are shown in Fig.2. It 

should be noted that this market structure is typical for the most large cities of Russia. 

 

Figure 2. Map of strategic groups of competitors in the window market of the 

Krasnoyarsk territory 

 
Source: authors` development 

 

The results of the analysis show that the largest number of products are produced 

by medium-sized, small and customized firms. At the same time, they use 2-3 

channels of stock movement, which suggests the possibility of using the principle of 

variability in the formation and selection of individualized products` supply chains. 

This will allow us to implement an important principle - the flexibility of supply 

chains. 

SWOT analysis of companies in the market of individualized products made it 

possible to compare the strengths: reliable management, good technological skills, 

best production opportunities, with weak potential internal sides: weak sales network, 

weak marketing organization, lack of supply chain management strategy. Potential 

external opportunities such as ability to use technology for production of non-standard 

designs, possibility of rapid development in case of a sharp demand in the market, 

were compared with potential external threats such as growing demand of customers 

to reduce prices and improve quality. The analysis suggests that achieving an 

equilibrium between the strategic logistics requirements described above and 

operational constraints, in our opinion, will allow ones to form effective supply chains 

of individualized products. 

The following specific features of the selection of supply chain participants, in 

our opinion, are key and typical for supply chains in the production of individualized 

3 3
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products on the market of plastic windows on the Krasnoyarsk territory and in other 

regions: 

- individualized approach of companies to creating products and services that 

meet the requirements of a specific customer; 

- modular design - using standardized modules in the production of individualized 

products, it is possible to reduce cost, while maintaining flexibility and 

individual approach, thereby gaining competitive advantages; 

- use of “pull” type system in production and logistics; 

- use of universal production equipment that can perform various operations, as 

well as changeover to other production operations; 

- value chain management - involving suppliers located higher up the supply 

chain, creating value for the final product, optimizing participants' tasks and 

using partners' resources; 

-  “lean production” - inventory reduction along with rapid production and delivery 

become the main source of funds for enterprises of individualized products; 

- organization of processes that require optimization of the order execution queue to 

prevent conflicts between different participants to meet individual customer 

requirements; 

- integrated approach which embodies the concept of mass individualization in the 

supply chain in the production of individualized products, including management 

infrastructure, skills and competencies used. 

Summarizing the results of research on the market of plastic windows on the example 

of the Krasnoyarsk territory, we can confirm that small and medium-sized enterprises, 

mainly forming dynamic supply chains and representing individualized enterprises, 

need logistics support. The logistics approach in their supply chains allows them to 

reach a new level of enterprises` profitability, and, therefore, will contribute to the 

development of such enterprises. This is an important aspect for development of a 

small business system in the region and the country. 

 

 

3. DEVELOPMENT OF A DISTRIBUTED ASSEMBLY MODEL OF 

INDIVIDUALIZED PRODUCTS 

 

In order to digitalize the configuration of supply chains for individualized products by 

a customer, a distributed assembly model was developed, which differs from other 

models by having a flexible system for selecting participants in the supply chains of 

individualized products in accordance with customer requests. 

To develop a model of interaction between participants in the supply chain of 

individualized products, we use the results of analysis of external and internal factors 

that affect functioning of such a supply chain. The results of analytical research of a 

customized product` market allow us to offer an idea of a distributed assembly of 

individualized products to create a chain model of customized products. This will 

make it possible to implement the main logistics requirements for such a chain as 

flexibility, efficiency and economic requirements of profitability of chain participants. 

The idea of the distributed assembly model is supposed to integrate small and 

medium-sized businesses engaged in the production of individualized products into 
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the supply chain in the region. Orders from end customers are collected and processed 

in the general information field. At the same time, a supply chain is selected based on 

the customer's key parameters. The concept of a distributed assembly model is shown 

in figure 3. 

 

Figure 3. The concept of a distributed assembly model for converting customer`s 

requests into requirements for creating supply chains of individualized products 

 
Source: authors` development 

 

The concept is based on a mechanism for coordinating the requirements of 

customers for individualized products in price, quality and speed of order production. 

To implement these rather contradictory factors, a method of involving a customer in 

design of a supply chain has been applied. This is implemented by creating such 

subsystems as “interface”, “logistics operator”, “supply chain requirement” and 

“supply chain options”. In this case, location of producers and other subjects of the 

supply chain on the territory of the region is considered. Customers` requests are 

processed by a logistics operator using a computer interface, and a set of customers` 

requirements is formed with possible costs in the process of manufacturing 

components and an ordered product. Further, supply chains options of individualized 

products are formed through customers` key requirements – speed, price and quality. 

Then customers can choose an appropriate supply chain, taking into account their 

geographical location. However, it is important that a choice is made regardless of the 

size of an administrative division. Based on the concept, a distributed assembly model 

has been developed for the formation of supply chains of individualized products 

selected by the customer (Fig. 4). 
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Figure 4. Distributed assembly model for creating supply chains for individualized 

products  

 
Source: authors` development 

 

The actions of the participants in the supply chain of individualized products 

(final assembly plants, suppliers and manufacturers of components) are coordinated 

with the distribution network (order acceptance, installation and service 

organizations), where delivery, installation and installation services of the delivered 

products are performed. In addition, transport and warehouse resources of the logistics 

operator are used to deliver components to the manufacturer and finished products to 

the end customer. The most important link in the model of distributed assembly of 

individualized products is the link in the configuration of supply chains (Fig. 4). 

Additional factors that determine feasibility of using the distributed assembly 

model are the following: 

- by delivering components closer to the final assembly point of finished products, 

the logistics operator together with the supply chain companies reduces cost and 

time period from production to order implementation; 

- in the distributed assembly model location constraint is eliminated. In production 

of components and finished products based on the distributed assembly model, 

free production capacities that exist in the network of supply chains of 

individualized products are mainly used; 

- the supply chain becomes more flexible because the logistics operator has an 

ability to expand and reduce infrastructure of goods movement in the supply 

chain at a high speed in order to achieve competitive advantages of the supply 

chain; 

- it is possible to distribute incoming orders among several manufacturers in the 

distributed assembly model, which reduces risk of failures, unlike traditional 

case of a single production site; 

- by transforming the supply chain into a network, it is possible to use excess 

capacity of large producers, which are loaded during the execution of customer 

orders to a much lesser extent. 
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4. PRACTICAL APPROVAL OF A DISTRIBUTED ASSEMBLY MODEL OF 

INDIVIDUALIZED PRODUCTS  

 

The distributed assembly model interface automatically selects the delivery 

optimization option based on location when distributing an order, but it allows a 

customer to choose a contractor independently, taking into account a profile type, type 

of hardware, number of shutters in the window, manufacturer's location, and 

production load. In this regard, a system requires daily updating of databases on the 

date of product release and the date when orders are accepted for production, ideally, 

“in a real-time model”. 

The developed model of distributed assembly of individualized products was 

approved in the market of plastic windows, which allowed linking production and 

component enterprises of individualized products on a common information platform 

into a single network. 

In the process of testing the distributed assembly model, main factors that 

determine internal and external environment of supply chain participants were 

identified, such as system complexity, uncertainty and variability of system 

parameters, conflict of participants` interests within the supply chain, dynamics and 

flexibility of the supply chain. 

In order to minimize degree of these factors` influence on the processes of stock 

movement in the supply chains of individualized products, an interface for 

configuring the supply chains of individualized products in a distributed assembly 

environment was developed; it was called “The distributed assembly supply chain” 

(DASC). The interface is an Excel workbook with the extension “.xlsx” and is 

guaranteed to work in versions of Microsoft Excel. 

Functional blocks of the interface algorithm and sequence of interface steps are 

as follows: 

Step 1– select order parameter values based on the following criteria: price, speed and 

quality. 

Step 2 – search for manufacturers that match the selected values. 

Step 3 – select the product quantity and delivery address. 

Step 4 – calculating the order cost. 

Step 5 – select the smallest value of the order. 

Step 6 – choose the fastest delivery of the product to order. 

Step 7 – selecting the optimal supply chain. 

The DASC interface consists of 4 blocks: 1 – customer order data analysis block; 

2 – database – product composition; 3 – database – manufacturer; 4 – database for 

transportation – distance (Fig.5). 
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Figure 5. General view of the distributed build calculation program (screenshot)  

 
Source: authors` development 

 

When running the DASC interface in its program, the combinatorics method 

calculates possible delivery options for various components of the product from 

different manufacturers, taking into account the cost of delivery. 

The DASC interface allows creating a variant of the optimal supply chain in 

accordance with the customer's order after calculating all combinations using the 

entered variables. Since customer orders for the final product are variable by product 

type and component composition for assembly, the DASC interface provides an 

ability to automatically select the option to build an order from different components, 

forming an individual supply chain for each order. An example of calculating the 

optimal supply chain in the DASC interface is shown in Fig. 6. 

 

Figure 6. Screenshot of the calculating result of an optimal supply chain for premium 

products in Uyar (a small town in the Krasnoyarsk region) 

 
Source: authors` development 
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Thus, created automated module of distributed assembly – the DASC interface 

– helps to optimize the process of developing supply chains of individualized products 

in the conditions of distributed assembly. 

Numerical experiments were performed to test the distributed assembly model 

using databases of manufacturers, product composition, and object locations for the 

Krasnoyarsk region. The competing production sites were considered for all 

manufacturers of plastic windows within the borders of the window cluster in the 

region (Fig. 7). Using the key parameter optimization algorithm: product quality, 

product price and order execution speed, optimal supply chains were calculated for 

any customer who placed an order for an individualized product. 

 

Figure 7. Window cluster of the Krasnoyarsk region and the Republic of Khakassia 

 
Source: authors` development 

 

In the process of testing the algorithm for developing supply chains of 

individualized products in the distributed assembly model, five enterprises producing 

plastic windows in the Krasnoyarsk territory, which are the most typical for the market 

under consideration, were considered. There are three manufacturers' locations in this 

region: Krasnoyarsk, Abakan, Kansk, and several localities where potential customers 

of plastic windows for their individual houses and apartments live. At the same time, 

assessments of the effectiveness of individualized products supply chains were carried 

out in several variants of customer orders: profitable order at the lowest price criterion 

and fast delivery of the order to the customer by speed criterion. In addition, parameter 

of producers` profitability was evaluated in order to determine interest of supply chain 

participants. 

The experiments consider typical situations when customers are located within 

the Krasnoyarsk territory at distances from 75 to 200 km from the producers` 

locations. Comparison of the same product cost from different manufacturers in 

different supply chains shows a deviation of the final price of the product on the order 

in the range of 2.5% to 19.2%. 

In case of calculating efficiency of the supply chain at the customer's request 

“fast delivery”, selection of producers in the supply chain is performed, which allows 

reducing the delivery time by 36-44%. 
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When testing the distributed assembly model in terms of its profitability for 

small and medium-sized enterprises, the generalized economic indicators of five 

typical window market firms in the Krasnoyarsk territory were analyzed in two cases 

for comparison: in traditional supply chain (Tab. 2) and supply chains in the 

conditions of distributed assembly (Tab. 3). 

 

Table 2. Performance indicators of individualized enterprises in the traditional 

supply chain  

Indicators “Proyem” “Аvrora” “Sovremennye 

okna” 

“Comfort” “Parnas” 

Revenue, RUB  2 450 000 1 470 000 4 900 000 490 000 1 500 000 

Expenses, RUB  2 085 000 1 146 000 3 850 000 404 000 1 239 000 

Profit, RUB 365 000 324 000 1 050 000 86 000 261 000 

Profitability,% 17,5 28,3 27,3 21,3 21,1 

Source: authors` development 

 

Table 2 shows that the profitability of firms in the market ranges from 17.5% to 

28.3%, and the volume of output ranges from 100 to 1000 products per month. 

 

Table 3. Calculation of performance indicators for individualized enterprises in a 

distributed assembly model 

Indicators “Proyem

” 

“Аvrora” “Sovremennye 

okna” 

“Comfort” “Parnas” 

Revenue, RUB  2 820 000 1 880 000 7 050 000 940 000 2 350 000 

Expenses, RUB  2 268 000 1 512 000 5 640 000 760 000 1 895 000 

Profit, RUB 552 000 368 000 1 410 000 180 000 455 000 

Profitability,% 24,3 24,3 25,0 23,7 24,0 

Change, % 39,9 -14,1 -8,4 11,3 13,7 

Source: authors` development 

 

The last line in Tab.3 shows change in profitability in the distributed assembly 

model supply chains compared to traditional supply chains (Tab.2). As one can see, 

some enterprises have improved their profitability indicators, while others have shown 

a decrease in profitability. This is quite an interesting result related to the production 

capacity of manufacturing companies: for small businesses, profitability has 

increased, and for larger enterprises, profitability has decreased. At the same time, 

both small and larger enterprises increased revenue, while costs for large enterprises 

decreased not as significantly as for small enterprises. 

 

 

5. CONCLUSION 

 

Manufacturing enterprises of small and medium-sized businesses operating in a 

dynamic market environment are in urgent need of effective methodological and 

practical tools for the formation and management of flexible supply chains, allowing 

them to quickly adapt to the needs of consumers and configure the supply chain for 

each order. The final customer is involved in the formation of such a supply chain by 



Configuration of production enterprises supply chains by the customer 
Yulia Lukinykh, Valery Lukinykh and Dmitry Malygin 
  

  

248 

 

selecting the product characteristics and / or supply chain characteristics that they 

need. 

To develop and test the methodology for flexible configuration of production 

enterprises` supply chains from the consumer side, the regional market of plastic 

windows of the Krasnoyarsk region was investigated.  This is a typical market for the 

production of individualized products, mass-demand products produced in large 

volumes, but taking into account the individual configuration for each product. In 

addition, the analysis of a large territory of the Krasnoyarsk region showed the 

potential to increase efficiency of redistributing traffic flows due to the final assembly 

of the product closer to the consumer. 

The value of performance indicators of individualized enterprises in the 

distributed assembly model and their comparison with the performance indicators of 

individualized enterprises in the traditional supply chain shows that in the conditions 

of distributed assembly there is an increase in volume of finished products production 

and an increase in profitability by 11,3 – 39,9 % due to cost reduction at the small 

enterprises. Thus, producers received economic benefits, and consumers received 

ordered products at a lower price and faster delivery. 

It can be argued that a new methodological tool – interface of the distributed 

assembly supply chain (DASC) – has been developed for the development and 

management of supply chains of individualized products based on the distributed 

assembly model, which allows customers to participate in the regional market in the 

configuration of supply chains by applying indicators of price, quality, speed of 

manufacture and delivery of individualized products. 
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Abstract  

 

Faced with a variety of challenges generated by growing urbanization, cities 

worldwide aim at redesigning their transportation systems and making them more 

efficient, better integrated and sustainable. The purpose of this paper is to evaluate the 

current state of Croatian urban transportation systems in such a context. The survey 

of the Sustainable Urban Mobility Project 2.0 by the World Business Council for 

Sustainable Development was implemented in capturing the perspective of the local 

population (N=2484). Transportation systems’ users are key stakeholders in achieving 

urban transportation system sustainability. Their behaviour provides useful input for 

city planners, transportation service providers and destination management. The 

mobility patterns, behaviour and attitudes of urban residents are therefore used as 

indicators of the functioning, accessibility, multimodality and integration of urban 

transportation systems. Regardless of the fact that most respondents commute daily, 

the majority of respondents do not feel restricted by the available urban mobility 

options. Reliance on cars in everyday travel is not surprising, and this option is 

followed by a substantial share of respondents using public transportation (PT) and 

walking. Other alternative options are only partially utilized (bike sharing, car sharing 

and combinations of modes are not considered a viable option for most) and only a 

small proportion of respondents display intermodal habits. Practical and social 

implications based on research findings also take research limitations (foremost the 

convenience sample) into consideration. Further research should build on this research 

and emphasize urban transportation options in the context of urban tourism. 

 

Key words: urban transportation systems, urban mobility, mobility patterns, Croatian 

urban mobility systems 
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1. INTRODUCTION 

 

The world’s population is increasingly city-based, and in the EU 75% of total 

population is urban (The World Bank, 2019). Faced with the multifaceted challenges 

of growing urbanization, cities worldwide will need to influence change or otherwise 

face a bleak future, being unable to maintain functionality and satisfy citizens’ needs. 

Urban mobility causes around 40 % of all CO2 emissions and up to 70 % of other 

pollutants from transport (European Commission, 2019). Investments in more 

sustainable mobility are expected to boost productivity, attractiveness and overall 

quality of urban life (Arcadis & Cebr, 2017). Mobility systems influence city 

liveability while facilitating community interaction. Addressing alternative mobility 

options (PT, ride sharing, vehicle sharing, micro-mobility etc.) is inevitable in fighting 

the negative effects of traffic.  

The notion of accessibility is inextricably linked to the mobility concept through 

the definition of urban accessibility (European Commission: Directorate-General for 

Mobility and Transport, 2017). Improving a city’s mobility is often burdened by cost 

concerns and bureaucracy (Arcadis & Cebr, 2017) and there is no single mobility 

management approach able to address the specific features of every mobility system.  

Sustainable urban mobility is only possible when the “mobility culture” - 

attitudes towards travel, transport and traffic choices - is the result of institutionalized 

measures incorporated into society, with pricing, regulations and education being the 

key (WBCSD, 2015). Sustainable urban mobility is a strategic priority of the EU, 

contributing to the “smart, sustainable and inclusive” objectives of the Europe 2020 

Strategy (European Commission, 2010).   

European urban mobility systems are the most mature systems and the leaders 

in mobility performance (Van Audenhove et al., 2014). Although some European 

cities are ranked among the most successful sustainable urban mobility systems on a 

global level (Arcadis & Cebr 2017; Van Audenhove et al., 2014), they have 

nevertheless been coping with growing urban mobility challenges and the negative 

impacts of transport activities on the climate, the environment and citizens' health. It 

is therefore essential to enhance mobility while at the same time reducing congestion, 

accidents and pollution in all European cities (European Commission, 2019a). 

Croatian urban transportation systems both cause and reflect the mobility 

patterns of its users. The existing research on mobility patterns of Croatia’s citizens  

(Mrnjavac & Slavić, 2018) (Slavić & Mrnjavac, 2019) indicates a strong car-

dependency, and highlights urban PT and micro-mobility shortcomings in addressing 

mobility systems demand. Although a valuable insight, the existing research did not 

address the user satisfaction nor rank the importance of individual aspects of mobility 

options in urban surroundings. Also, the Croatian transportation system users were 

not previously profiled in relation to urban mobility to such extent. With the purpose 

of evaluating the current state of Croatian urban transportation systems this paper 

explores the mobility patterns, behaviour and attitudes of the surveyed urban 

residents, guided by the research question(s): Are urban mobility systems in Croatia 

sustainable? Are urban mobility systems in Croatia integrated? Are urban mobility 

systems in Croatia multimodal? Are urban mobility systems in Croatia accessible? 

Are urban mobility systems in Croatia appropriately managed? 
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The paper starts by providing theoretical background to the topic related issues. 

The sections that follow focus on explaining the implemented methodology and 

presenting the results of this research. The conclusions drawn at the end of the paper 

are substantiated by urban mobility management improvement suggestions in line 

with practical and social implications. Notwithstanding its potential research 

limitations, this research adds to the body of knowledge on urban population mobility-

related behaviour.  

 

 

2. THEORETICAL BACKGROUND 

 

2.1. Sustainable Urban Mobility  

 

Cities worldwide are increasingly facing the variety of challenges of advancing 

urbanization, population growth (United Nations, 2018), infrastructural shortcomings, 

and unsustainable politics. Approximately half of the global population is urban 

(Ritchie & Roser, 2019; United Nations, 2018), and this proportion is expected to 

increase by 2050 (World Economic Forum, 2017).  

Urban settlements are hubs for knowledge, economic activity, innovation and 

welfare (European Commission, 2017a, p. 6). Residents share the same space and 

therefore the same transportation infrastructure. As the quality of urban lifestyle 

greatly depends on an efficient transportation system (Przybylowski, 2018), 

investments in more sustainable and better mobility options are expected to contribute 

to competitiveness, productivity, attractiveness and overall quality of life of cities 

(Arcadis & Cebr 2017).   

A sustainable urban mobility system is accessible, safe, integrated, efficient, 

environmentally friendly, and able to meet the demands of all (European Commission, 

2013). Almost two decades ago, WBCSD (2004, p. 6) outlined sustainable mobility 

as “the ability to meet society’s need to move freely, gain access, communicate, trade 

and establish relationships without sacrificing other essential human or ecological 

values, today or in the future.” It is still coherent to the EU focus on multimodal, 

“sustainable, energy-efficient and respectful of the environment” forms of mobility 

(European Commission, 2020c).  

Used to illustrate sustainable mobility, the “new reverse traffic pyramid” 

(Bicycle Network, n.d.) includes “rideables” or “micro-mobility” (e-scooters, 

segways, hover boards, mobility scooters, e-bikes, one wheels, and others), a group 

placed right under the top modes of walking and cycling. When properly addressed, 

the “micro-mobility” options play a significant role in delivering multimodal 

integrated mobility solutions and have the potential to reduce congestion and improve 

air quality in cities by replacing car trips (European Commission, 2019). However, 

integrating different aspects of urban mobility on a daily basis is not an easy task 

(Decker et al., 2012; Okraszewska et al., 2018; Przybylowski, 2018).  

An “efficient, safe, connected and adaptable mobility system” absorbs social and 

economic functions, and offers infra and superstructure for human activity (Arcadis 

& Cebr 2017, 7). It is the responsibility of urban authorities to develop their cities’ 

capacity and facilitate the implementation of innovative mobility solutions (Urban 
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Agenda for the EU Partnership for Urban Mobility, 2019). However, not all cities 

have sufficient capacity and resources for sustainable development. Most are seriously 

underequipped, limited by budget, capacity and/or knowledge, and achieve less than 

half of the potential they could if they were to apply best practices across all operations 

(Van Audenhove et al., 2014, p. 6).  

Conventional approaches to transportation planning and management are not 

substantial in dealing with problems caused by the current urban mobility patterns. 

New solutions are required to transform urban mobility systems into more sustainable 

ones (Urban Agenda for the EU Partnership for Urban Mobility, 2019). 

 

2.2. (Redesigning) Urban Transportation Systems 

 

The wealth, size or maturity of a city does not imply a sustainable and 

functioning urban mobility system and, in opting for an integrated multimodal 

mobility system, urban authorities need to constantly evaluate all components and the 

overall system’s performance (Arcadis & Cebr 2017). New integrative approaches to 

planning and managing mobility are being developed as urban authorities try to 

encourage a behavioural shift towards cleaner, more sustainable transportation modes 

like walking, cycling, PT or shared car use (European Commission, 2017a).  

Urban “mobility ecosystems” need to be remodelled or extended in order to 

accommodate changing travel habits and demand expectations (more convenient, 

faster, more predictable and/or more individualized services) (Van Audenhove et al., 

2014). There are different responses to a variety of mobility needs (e.g. Cheng et al., 

2019) but the change towards more sustainable transportation is steady and lengthy 

(Kamargianni et al., 2016).  

The Mobility Management (MM) concept aims to achieve mobility behaviour 

change on the individual level through "soft" measures such as information and 

communication, organising services and coordinating stakeholder activities 

(EPOMM). Correspondingly, traffic and demand management refers to measures to 

improve the flow and efficiency of traffic (European Commission, 2017b, p. 28). 

Transportation Demand Management (TDM) does this through the rational use of 

traffic infrastructure and by reducing the need for car-dependant travel.  

Travel, transport and traffic choices influence urban sustainability (WBCSD, 

2015). The attainment of sustainable (mobility) targets in a society can only be the 

result of institutional efforts, i.e. mobility policies (ibid.). Advances in urban mobility 

(new technologies, new service concepts and business models) also imply changes in 

urban mobility governance and planning (Urban Agenda for the EU Partnership for 

Urban Mobility, 2019) in order to reconcile the often conflicting requirements of 

national and local policies (economic, social and demographic objectives, spatial 

planning and zoning, environmental protection, construction and modernization of 

transport infrastructure, public services) and the needs of the local population.  

Innovations require the “system level collaboration” of all stakeholders (Van 

Audenhove et al., 2014) which is the only promising option that car-dominated 

communities have in dealing with the growing urban deterioration caused by traffic 

(European Commission, 2016). At the centre of sustainable urban mobility should be 

the system’s users and their habits, behaviour, travel patterns, preferences, and 
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attitudes towards urban mobility (Brčić et al., 2016; Lindenau & Bohler-Baedeker, 

2014). However, if transport stakeholders are dependent on public finances, their 

access to system upgrades and innovation will be limited.  

 

2.3. SUMPS 

 

The EU is funding transportation infrastructure and promoting cross-border 

long-distance mobility through TEN-T (Trans-European Transport Network), i.e. the 

EU transportation policy (European Cyclists' Federation, 2019). At the same time, in 

line with the EU principle of subsidiarity, urban mobility is managed at the local level. 

This implies coherency of regulations and policies on all levels to allow 

interoperability and continuity (Urban Agenda for the EU Partnership for Urban 

Mobility, 2020). Mechanisms to provide (EU) financial support to innovative projects 

and mobility services need to be better tailored, in line with the characteristics and 

dynamics of innovative mobility solutions (Urban Agenda for the EU Partnership for 

Urban Mobility, 2019).  

The EU advocates for Sustainable Urban Mobility Plans (SUMPs) in dealing 

with the major traffic-related challenges of urban settlements (European Commission, 

2020b). SUMP is a core element of the EU urban mobility policy, that takes into 

account the whole functional urban area (the city together with its surroundings, rather 

than the administrative unit) and cooperation across different policy areas, different 

levels of government and with all relevant stakeholders (Urban Agenda for the EU 

Partnership for Urban Mobility, 2019b). The EU encourages this “people-centric 

approach” (European Commission, 2017b) and empowers cities to implement SUMPs 

by providing guidelines, training, networking and funding opportunities through the 

ELTIS European Platform (Urban Agenda for the EU Partnership for Urban Mobility, 

2019b). 

SUMPs help create “sustainable, affordable, accessible and frequent transport 

for everyone” (European Commission, 2017a) and make it possible to reap the 

benefits of sustainable urban mobility planning, such as improved quality of life, the 

generation of (local) economic benefits, improved health and environment, seamless 

mobility and improved access by multi-modal door-to-door transport solutions, more 

balanced plans in relation to accessibility and mobility needs, and moving towards a 

new mobility culture by creating a common vision supported by politics, public and 

institutions. (European Commission, 2017b, p. 7-8).  

SUMP implementation supports the decarbonisation of the EU transport sector 

and the reduction of harmful emissions by 2050 (Urban Agenda for the EU 

Partnership for Urban Mobility, 2019b), and the methodology (Rupprecht Consult, 

2019) is periodically revised and updated. According to The Urban Mobility 

Observatory less than 10 cities in Croatia have SUMPs (ELTIS, n.d.). 

 

2.4. Changing Mobility Patterns  

 

The urban population can be differentiated in terms of motives, dynamics, 

frequency and distances travelled, habits and attitudes, and the possibility of (and the 

preference for) using certain mobility modes. The key problems related to 
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transportation systems, among others, are congestion, social issues (accessibility, 

inclusion, safety), and environmental problems (European Commission, 2017a), often 

in relation to the imbalance of demand and supply. The supply is rather fixed in the 

short run, determined by historical development, spatial-geographical possibilities, 

traffic management and investments in infrastructure (Falcocchio & Levinson, 2015, 

p. 39). 

The change in transportation behaviour is gradual and requires a socio-technical 

approach evident in a well-balanced mix of new technologies and investments in 

social capital (education and regulation, institutionally incorporated into society), 

accompanied by the implementation of the appropriate mobility and transportation 

system management measures. The changes are guided by the simultaneous 

employment of “communicative” (Fujii & Taniguchi, 2006) or “soft” measures 

(EPOMM, n.d.), and the constraints on (single-occupancy) car usage. This “carrot and 

stick” approach (Litman, 2003; Meyer, 1999) is still modern, even though it has been 

in use since the 1970s (Enoch, 2012, p. 20). 

People would possibly consider changing their transportation-related behaviour 

if there were alternative (new, cleaner, smarter, better integrated, inclusive) solutions 

available. Mobility demand (travel needs and habits) has an evolving character – 

requiring increasingly convenient, fast, predictable, and more sustainable services 

(Van Audenhove et al., 2014). New urban mobility patterns call for a resource-

efficient transportation system (European Commission, 2011), serving both mobility 

and accessibility (Jones, 2014). Individual choices are influenced by personal reasons 

(relocating, changing jobs, retirement), transportation service improvements (better 

schedules, fleet improvements), subjective changes in perception, and external factors 

(fuel price) as well (Urban Agenda for the EU Partnership for Urban Mobility, 2019c, 

p. 5). Mobility interventions include information, promotion, organisation, training, 

site-based, substitute travel, and supportive measures (Urban Agenda for the EU 

Partnership for Urban Mobility, 2019c, p. 19). 

Individual mobility patterns are monitored through mobile phone data (e.g. 

(Wang et al., 2018) or social media content analysis (Serna et al., 2017). Activity-

tracking is argued to stimulate more sustainable personal mobility by means of 

feedback (Bucher et al., 2019). Moreover, people respond well to promotional 

campaigns connecting mobility behaviour (walking, cycling, using PT) with emotions 

(EC Intelligent Energy Europe, the Trendy Travel project). Cultural factors also 

impact transportation behaviour (Cheba & Saniuk, 2016) and should be considered as 

part of the urban mobility sustainability evaluation (Macedo et al., 2017). 

 

2.5. Mobility patterns of Croatia’s citizens 

 

Prior to this research, there were several studies focused on the transportation-

related behaviour of Croatian citizens in the past five years. Some of the results 

indicate behaviour patterns that reflect on transportation sustainability and are 

important to consider in the context of this research: 

 automobiles play the leading role in daily mobility and prospective changes to 

mobility are made difficult by the fact that “there is no alternative” available 

in many areas; 
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 rail transport in Croatia is not recognised as a form of either daily mobility or 

tourism-motivated travel (Mrnjavac & Slavić, 2018). 

 Despite the high share of cars, PT and walking are a notable part of the modal 

split of Croatian citizens’ daily mobility in 2018;  

 action is needed to support bicycle traffic; 

 a more competitive PT from the user perspective includes higher PT frequency, 

more affordable fares and better spatial coverage. There is a lack of online PT 

ticket purchasing systems, route planners, mobile apps, and other services 

information; 

 the assessment of the quality of individual transportation subsystems in Croatia 

indicates the lack of quality improvements in all transportation modes (Slavić 

& Mrnjavac, 2019). 

 Most respondents show a tendency to choose different modes of transportation 

in different circumstances/to perform different activities during the day, which 

indicates the presence of multimodality; 

 residents of the capital city would choose alternative modes for everyday local 

travel (PT, walking or cycling) if Zagreb upgraded its transportation system to 

more pedestrian and bicycle-friendly surroundings, with improved and cheaper 

PT, and worked on creating short distance surroundings; 

 although in the context of a hallmark event held in Zagreb, most residents argue 

in favour of improving the traffic management in Zagreb based on alternative 

mobility options (expansion of car-free zones in Zagreb, pedestrian zones in 

event venues, adjusting pedestrian areas of the city to the requirements of blind 

and disabled people, availability of alternative transportation means (bicycle 

taxis, electric scooter rental)), and PT upgrades (better PT organization, 

increased line frequency/more vehicles, more days of free transportation 

(outside weekends), more night lines) (Slavić & Horvat, 2020).   

The existing research did not consider all available alternatives in urban 

mobility. It also neglected the aspects of user satisfaction, as well as the perception of 

importance when exploring the individual mobility patterns. Croatia’s transportation 

system users were not previously profiled in relation to urban mobility to such extent. 

With the purpose of evaluating the current state of Croatian urban transportation 

systems this paper explores the mobility patterns, behaviour and attitudes of the 

surveyed urban residents more in depth.  

 

 

3. RESEARCH METHODOLOGY 

 

The Theoretical Background section suggests there are several determinants of 

urban transportation systems that indicate good mobility management and future-

oriented user-centric approach. In evaluating the existing Croatian urban 

transportation systems, several research questions need to be addressed, primarily 

concerning the urban transportation systems’ sustainability, or more precisely, these 

systems’ functioning, efficiency, accessibility, multimodality and integration. The 

research started from the hypotheses that the Croatian urban transportation systems 

are suboptimally sustainable, which is evident from the mobility patterns and attitudes 
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of the surveyed urban residents. The Sustainable Mobility Project report (WBCSD, 

2015) puts forward a set of 19 indicators, attributed to the dimensions of global 

environment, economic success, quality of life, and performance of a mobility system, 

in evaluating urban mobility and its impacts. The potential scope of such an approach 

has resulted in the implementation of the WBCSD (2015) survey for the purpose of 

analysing Croatian urban transportation systems in 2020 in this paper, making this 

paper a preliminary communication. 

The research data was gathered based on a structured questionnaire, through 

online surveys (due to COVID-19) and by using Goggle Forms as an instrument. This 

research adopted the survey from the Sustainable Urban Mobility Project 2.0 report 

(2015) by the World Business Council for Sustainable Development (with minor 

modifications – not using all the questions from the original, and adding 2 questions 

from the Special Eurobarometer 422a “Quality of Transport” (TNS Opinion & Social 

Network, 2014)) to further explore daily mobility patterns. The survey included 57 

questions, distributed across 10 sections. 

In line with the research scope and focus, the online survey was used to explore 

the mobility patterns and attitudes of Croatian citizens towards the urban 

transportation systems they use. The survey was translated into Croatian and was 

available online from March to June 2020. The respondents are aged 18 and over, 

residing in urban settlements or gravitating to them for functional or leisure reasons.  

The survey was conducted with the help of the full- and part-time students of the 

Faculty of Tourism and Hospitality Management in Opatija, as voluntary participants 

in this research, trained and instructed on how to approach the research subjects and 

motivate their participation. The role of students was entirely an intermediary one, 

with the respondents personally filling out the online survey. 

Representing the number of properly completed surveys, the sample size 

(N=2484) is considered substantial to make educated statements about the urban 

mobility demand in Croatia, with a certain probability. The method of research 

execution and the research design resulted in a convenience sample, partially even in 

a purposive sample. 

Starting with the socio-economic context in relation to mobility behaviour, the 

questionnaire mostly dealt with traffic-related habits and daily patterns, as well as the 

respondents’ opinion, attitudes and satisfaction with urban mobility aspects and 

available options. Microsoft Excel was used to check, filter and analyse the data. The 

analysis was approached primarily through descriptive statistics. Discussion on the 

research results recognizes the limitations of this research. 

 

3.1. Research Limitations 

 

Unlike the sample size, the sample type (convenience and, to a certain extent, a 

purposive sample) is somewhat restrictive in forming general conclusions. The 

conclusions can therefore be only indicative, but nevertheless offer valuable insight 

into Croatian urban mobility and the narrow body of existing knowledge. 

The online survey did not include all questions from the original. Some questions 

(potentially less important in the context of this research) were intentionally rejected 

by the authors, thus hoping to reduce the time needed to complete the survey and 



20th international scientific conference Business Logistics in Modern Management 
October 7-9, 2020 - Osijek, Croatia 

 

 

259 

   

achieve a higher response rate. The authors do not consider this had any influence on 

the quality of the obtained data sets in relation to the scope of this research. 

The authors recognize the fact that the descriptive analysis is only the foundation 

for more advanced analysis. Nevertheless, the idea for this paper was to serve as 

preliminary communication in one stage of more elaborate research. 

Although the aim of convenience sampling was to achieve a better distribution 

of age, gender and region in the sample, the result was an uneven representation of 

the different groups of respondents. The socio-economic attributes reflect on mobility 

patterns, and the uneven representation of the sample groups limits the contribution 

of this research findings to the general knowledge on urban mobility. 

Despite the fact that the survey included people from all (21) Croatian counties, 

the sample is unevenly distributed and the conclusions therefore do not evenly 

represent the current state of the national mobility systems. On the other hand, the 

most represented areas (Primorje-Gorski Kotar County (21.34%), the City of Zagreb 

(19.44%), Zagreb County (15.66%), Krapina-Zagorje County (8.53%), Karlovac 

County (6.64%) and Istria County (6.48%)) are also areas with some of the highest 

proportions of urban population and are therefore suitable to be taken into 

consideration. 

 

 

4. RESEARCH RESULTS AND DISCUSSION 

 
In this section, research results are presented at the level of the total sample and, 

separately, for the group of respondents that declared feeling limited by the 

transportation system in their daily mobility, and are then put into context with the 

existing body of knowledge on urban mobility, its modes and user behaviour. 

 

4.1. Research Results  

 

The results of surveying the sampled population (N=2484) of residents of urban 

settlements in Croatia, older than 18, are subdivided into sections, corresponding to 

the sets of questions represented in the survey. 

 

4.1.1. Respondents’ Profile 

 

The majority of respondents are female (66.22%). The most represented age 

group is the younger adult group (18 to 29), accounting for 74.19% of respondents, 

while the rest of the respondents are largely of labor active age. Approximately one 

in four respondents has a faculty degree (23.47%), and the majority hold secondary 

school qualifications (75%). A large share of respondents are employed (43.60%) 

either full time or part time, and are followed in share by students (41.67%) and the 

unemployed (9.34%).  

The greatest share of households that the respondents live in are made up of three 

(30.31%) or two adults (29.97%) and with no children (59.38%) or with one child 

under the age of 18 (26.41%). There is a tendency of owning more than one vehicle 

per household. The respondents indicate owning mostly 2 cars (38.77%), no 
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motorcycles (78.54%) and 2 bicycles (27.70%). In addition, only approximately 5% 

of the respondents own other transportation means (e-scooters, delivery vehicles, 

maritime means). Aside a driving license that allows operating a car (75.44%), most 

respondents have a scooter/moped driving license (12.84%). However, almost a 

quarter of the respondents have no driving license (24.24%). 

There are some vulnerable groups of transportation system users represented in 

the sample, although in a small share. These are people older than 60 (1.49%), 

pregnant woman (0.97%) and people of impaired mobility (0.85%). 

 

4.1.2. The Respondents’ Everyday Mobility Patterns  

 

In total, 52.90% respondents live directly in the city (in the urban center) and 

another 29.35% commute to it regularly. Others (16.55%) visit from time to time. 

Interestingly, approximately 1 out of 3 respondents feels restricted in terms of daily 

mobility in relation to the available transportation system offering and the 

transportation system limitations. 

Commuting accounts for most of the weekly trips (with 73.35% of the 

respondents traveling 5 or more times per week to work or study), typically starting 

from 7 to 8 a.m. (33.98%), and being 15-30 minute (36.27%) or 1-5 kilometer 

(32.37%) long trips. Leisure ordinarily generates 2 or 3 weekly trips (39.78%), with 

more emphasis on shorter trips.  

The principle mode of daily travel (Table 1) is a car (53,.4%), commonly used 

“always” (34.6%) or “most of the time” (19.40%). The two other valid choices are PT 

(23.11%) and walking (16.95%), although in a smaller proportion.  
 

Table 11. The preferred modes for everyday urban mobility 

Transportation mode No. of respondents Modal share 

Car 1320 53,14% 

PT 604 24,32% 

Walking 421 16,95% 

Bicycle 109 4,39% 

Motorcycle 17 0,68% 

None  12 0,48% 

Total 2484 100% 

Source: author contribution 

 

Among the intermodal options the combination of walking and PT has the 

primary role in daily mobility for 23.47%. The intermodal options that involve bicycle 

travel (bicycle and PT, and bicycle and walking) are avoided by around eight in ten 

people (Table 2). 
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Table 12. The principal commute mode choice 

 Always Most of 

the time 

About half 

of the time 

Less than 

half of the 

time 

Never 

Car 34,66% 19,40% 12,96% 16,55% 16,43% 

Motorcycle 1,17% 1,25% 5,48% 5,31% 86,80% 

PT 16,14% 16,47% 13,49% 18,84% 35,06% 

Ferry 1,21% 0,64% 4,91% 6,08% 86,80% 

Bike 2,82% 5,43% 13,04% 16,14% 62,56% 

Walking 13,65% 18,12% 19,93% 19,77% 28,54% 

Car & PT 

combination 

6,88% 7,05% 10,91% 16,51% 58,66% 

Bike & PT 

combination 

1,97% 2,25% 6,36% 6,32% 83,09% 

Walk & PT 

combination 

12,84% 10,63% 13,45% 14,81% 48,27% 

Bike & Walk 

combination 

3,18% 3,90% 7,81% 10,43% 74,68% 

Source: author contribution 

 
The respondents justify their mode preferences mainly with “travel speed” 

(52.46%), but also with “contents and facilities’ availability” (24.1%), “convenience” 

(22.83%) and “lack of alternatives” (17.47%). In relation to the preferred daily travel 

mode, car drivers rationalize their preferences with “travel speed” (77.42%) and 

“convenience” (59.92%). PT users are either faced with “lack of alternatives” 

(39.90%), or choose PT due to “contents and facilities’ availability” (33.45%) and 

“convenience” (31.71%). Cyclists explain their choice with “speed” (51.38%) and 

“ecology” (36.61%), while pedestrians consider their mobility mode to be 

“convenient” (41.33%) and well supported by “contents and facilities’ availability” 

(28.50%).   

 

4.1.2.1. Public Transportation 

 

Buses and trams are the types of PT most often used by the respondents. People 

who avoid using PT regularly attribute this to PT’s lack of frequency and flexibility 

(“PT schedule does not fit the individuals’ needs”, 24.36%), lack of comfort (22.10%) 

and questionable “cleanliness” (21.42%). It is therefore not surprising that for more 

than eight out of ten respondents “the punctuality” of PT and “the real time 

information (on routes, timetable and delays)” are ranked as the most important 

aspects of PT (Table 3). These are followed by “personal feeling of safety” and 

“vehicle safety”, and “the fare”.  

“The punctuality” and “cleanliness” of PT are actually the aspects of PT the 

respondents are mostly dissatisfied with (the total of “extremely dissatisfied” and 

“dissatisfied” is 38.93%, for both aspects). Interestingly, PT cleanliness was also 

ranked satisfying by a higher share of respondents (the total of “satisfying” and 

“extremely satisfying” is 40.86%), immediately after “punctuality” (42.43%) 
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4.1.2.2. Car Sharing 

 

A large share (93%) of the respondents “never” or “almost never” use a car-

sharing scheme. The reason for such behavior is found in the absence of car-sharing 

schemes in some cities (23.07%), followed by “the complexity of car-sharing (e.g. 

registration, use, billing)” – 10.91%. Interestingly, 57% of the respondents were not 

able to explain the reasons behind such behavior.  

The “cost of using the system” and “the cleanliness of the cars” are ranked as 

the most important features of car-sharing, while “easiness to use the car-sharing 

system” and “the quality of the cars” are considered the least important (see Table 3). 

 

Table 13. The aspects of different modes ranked according to their importance 

AM 
PUBLIC 

TRANSPORTATION 
AM 

CAR SHARING 

SYSTEM 
AM 

PUBLIC BIKE 

SCHEME 

4,45 The punctuality of PT 3,69 
Cost of the 

system 
3,76 Cost of the system 

4,38 

Real time information 

(routes, timetable, 

delays)  

3,66 
Cleanliness of 

the cars 
3,67 

Number and 

locations of the bike 

renting stations 

4,34 Feeling secure using PT 3,66 
Quality of 

customer service 
3,65 

Number of bikes 

available 

4,30 Safe vehicles 3,52 

Number and 

locations of the 

parking spaces 

3,64 Quality of the bikes 

4,30 Cleanliness 3,51 
Number of cars 

available  
3,63 

Easiness to use the 

shared bike system 

4,19 Fare 3,51 

Easiness to use 

the shared car 

system 

3,62 Customer service 

4,10 Easy ticketing 3,50 
Quality of the 

cars 
  

4,06 

Accessibility of the PT 

vehicles, stops and 

stations 

    

3,92 
Available (personal) 

space 
    

3,85 
Comfort of PT stops 

(seats, lighting, shelter) 
    

3,74 
Comfort (seats, noise, 

temperature) 
    

3,72 Availability of seats     

Source: author contribution 

 

4.1.2.3. Bike Sharing 

 

Less than 5% of the sample uses public bike services (daily, weekly, or monthly). 

Around half have no specific reason, while the rest attribute their behavior to “the lack 

of public bike schemes” (23.40%), “too few renting stations or the inconvenient 
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locations of renting stations” (13.79%), and “the number of bikes available” (9.27%) 

or “the complexity of use” (9.02%).  

“The cost of using the system” is ranked as the most important aspect of public 

bikes, followed by “the number and locations of the bike renting stations” and “the 

number of bikes available” (Table 3).  

 

4.1.2.4. Personal Vehicles 

 

Of the total number of respondents with a driving license, almost one in ten 

“(almost) never” drives or drives “a few times a year”. Most are inclined to make 

“daily” car trips (61.7%). Different aspects of car transportation are evaluated as 

almost equally important by the drivers, with “traffic safety” and “feeling of personal 

safety” being slightly more important than the other aspects (Table 4).  

“Traffic congestion” (65.86%), “the lack of parking spaces” (60.67%), “too 

expensive parking fares” (43.52%) and “the poor road infrastructure” (23.51%) are 

considered the key issues of driving in the city.  

 

Table 14. The aspects of different modes ranked according to their importance 

AM DRIVING (a car/a motorcycle) AM INTERMODAL TRIPS 

4,45 Traffic safety 3,78 Integration of time schedules  

4,44 Feeling of personal safety 3,74 
Availability/location of connecting 

points 

4,29 Signposting for road users 3,72 Frequency of connecting PT 

4,27 
Quantity and location of parking 

spaces 
3,71 Distance to walk from mode to mode  

4,26 Quality of road infrastructure 3,70 Integration of ticketing system of PT 

4,23 
Lighting of urban streets for 

driving at night 
3,69 

Quality of trip information and route 

guidance 

4,23 Parking tariffs 3,67 Signposting to find connecting mode 

4,18 Traffic circulation   

4,17 
Accessibility of parking spaces by 

foot  
  

4,10 Real time traffic information    

Source: author contribution 

 

4.1.2.5. Intermodal Trips 

 

Intermodal trips are part of the mobility patterns of some respondents. Namely, 

13.77% of the respondents are intermodal travelers (“daily” or “a few times a week”); 

8.62%, “a few times a month”; and 14.05%, “a few times a year”. Still, the majority 

of surveyed people (63.57%) favor a single mode of travel. Each of the intermodality 

aspects is considered “important” or “extremely important” by more than 60% of the 

respondents. The intermodal trip aspects ranked as the most important are “the 

integration of time schedules of PT”, “availability/the location of connecting points” 

and “frequency of connecting PT” (Table 4).  

The reasons for not making intermodal trips more often are found in “physical 

difficulty to make the connections because of distance or steps” (26.01%), “lack of 
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information about the other modes to be able to effectively make connections” 

(25.97%) and lack of PT schedule integration (“the waiting time between the two 

modes is too long”) (18.24%). 

Those actually using intermodal transportation options (n=905) find “distances 

to walk from mode to mode” and “the availability/the location of connecting points” 

the most satisfactory. The same people are the least satisfied with “the integration of 

time schedules of different modes (bus, tram, train)” and “the number of available 

alternatives to make the journey”. 

 

4.1.2.6. Using Smart Phones and Mobility Apps 

 

Only a small proportion (2.98%) of the sampled population has no smartphone. 

The three out of four of those who use it are aware of smartphone supported mobility 

tools. Nevertheless, the majority (61.48%) does not use those tools. Those who do, 

prefer Google Maps (58.20%) and PT apps (for ticket purchasing or schedules) 

(14.69%). Other mobility tools (either web-based or apps) are not as used by the 

respondents (e.g. Waze, Uber, Moovit, and Bolt are used by approximately 5% or less). 

 

4.1.2.7. Active Mobility Modes 

 

Only 4.55% of the total sample cycles “daily”. Most of the respondents cycle 

“(almost) never” (35.63%) or “a few times a year” (33.57%). The justification for the 

observed behavior is found in the shortcomings of the existing infrastructure (“too 

few dedicated lanes for cycling”, 32.43%; “the roads are of poor quality for cycling”, 

31.76%; and “the bike lanes are of poor quality”, 24%). Predictably, the sampled 

population ranked the aspects of safety as the most important factors of cycling in the 

city (Table 5). “Traffic safety” in general is perceived “extremely important” and 

“important” by a total of 81.04%, followed closely by “the feeling of personal safety” 

(78.54%), “the way other road users treat cyclists when on mixed use roads” (78.02%) 

and the “lighting of biking facilities and urban streets at night” (76.21%), as well as 

“the availability of dedicated lanes for cycling” (76.53%). 

 

Table 15. The aspects of different modes ranked according to their importance 

AM CYCLING IN THE CITY AM WALKING IN THE CITY 

4,25 Traffic safety 4,34 Feeling of personal safety 

4,15 Feeling of personal safety 4,25 Lighting of sidewalks and urban 

streets at night 

4,12 The way other road users treat 

cyclists when on mixed use roads  

4,17 Availability of sidewalks in the city 

4,09 Lighting of biking facilities and 

urban streets at night 

3,94 Availability of car free streets in the 

city 

4,07 Availability of dedicated lanes for 

biking 

3,90 Width of sidewalks in the city 

4,01 Security of the bicycle parking 

facilities 

3,82 Signposting of directions and 

destinations for walking 

3,97 Quality of road surface of the bike 

lanes 

3,81 Quality of the pavement of the 

sidewalks in the city 
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3,97 Width of bike lanes  
  

3,92 Signposting of directions and 

destinations for biking 

  

3,75 Number and the location of bicycle 

parking facilities in the city 

  

Source: author contribution 

 

Less than 10% of the respondents declare walking “(almost) never” or “a few 

times a year”, mostly because of the lacking pedestrian infrastructure (“too few 

sidewalks”, 19.63%; “too few car free areas”, 15.08%) or the infrastructure’s 

characteristics (“the sidewalks are poorly lit”, 15%; “the sidewalks are of poor 

quality”, 11.96%). Nevertheless, most respondents walk daily (52.21%). The sampled 

population finds “the feeling of personal safety” a primary aspect of walking in the 

city (the total of “extremely important” and “important” is 83.82%), followed by the 

infrastructural features related to safety, like “the lighting of sidewalks and urban 

streets at night” (82.41%) (Table 5). 

 

4.1.2.8. Delivery Services 

 

For most, online shopping and home deliveries are used only “a few times a 

year” (46.65%). Still, many (33.37%) recognize the advantages of delivery services 

and have their packages delivered “a few times a month”. Regarding the most 

important aspects of delivery services, “the availability of such service” is more 

important than “the price”, while “the price” is ranked ahead of “flexible delivery 

times” and “the ability to have the package delivered to an alternative address”. 

 

4.1.3. The Patterns of Respondents Feeling Restricted in Daily Mobility 

 

Approximately a third of respondents feel restricted in terms of daily mobility in 

relation to the available transportation system offering and/or the transportation 

system limitations. They predominately live directly in the city (80.70%), in 

households made up of three adults, own one car and one or two bicycles, and study 

(47.37%) or work in the city (44.30%). Curiously, almost none (<1%) of the 

vulnerable group representatives (pregnant women, mobility impaired people, and the 

over-60s) reported feeling limited in daily mobility due to urban system determinants. 

There is a slightly larger share of people with no driving license (34.21%), and there 

are fewer respondents holding a car driving license in relation to the total sample.  

The proportion of weekly travel to work or school and leisure purposes is 

consistent with the total sample, as are the commute distances covered. However, the 

duration of all trips is notably longer (rather than 15-30 minute-trips, it takes 30-60 

minutes for around half of the respondents). This could be partly due to a higher 

proportion of PT trips on an everyday basis (40.35%). This group also has a slightly 

higher share of bicycle trips and a smaller share of car commutes. Also, this group 

tends to use car-sharing services more often, probably due to the services’ availability. 

Interestingly, although there is also a higher availability of public bicycles, this does 

not affect their higher usage. People who consider they are limited in everyday 

mobility tend to choose intermodality more often (30.70% in comparison with 13.77% 
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on the general sample level, daily and weekly). They appreciate “availability/location 

of connecting points” more than other aspects of such travel. “Speed” and 

“convenience” are the main reasons behind expressed preferences in modal choices. 

Active mobility modes (cycling and walking) are extremely low in share. No one 

cycles, and only 4.63% recognize walking as part of their daily mobility. Since the 

respondents expressed no specific reason for such inactive behavior, the substantially 

smaller share of active modes and its potential negative effects should be examined 

by mobility management authorities. More than half of the respondents (54.05%) that 

reported feeling limited in daily travel use smartphone apps to deal with daily mobility 

needs, unlike the 38.52% at the total sample level. 

 

4.2. Discussion 

 

With more than 80% of respondents living directly in the city or commuting to 

it daily, one could argue that the challenges of growing urbanization (Ritchie & Roser, 

2019; United Nations, 2018; Van Audenhove et al., 2014) are present also in Croatia. 

Consistent with such a conclusion is the fact that around one third of the respondents 

said they felt restricted in terms of daily mobility in relation to the transportation 

system offering and its limitations. However, this group of mobility system users is 

more inclined to use PT, car-sharing and intermodal options more often than the 

general sample. 

Car-dominated daily mobility patterns of Croatian citizens are consistent with 

some previous research (Mrnjavac & Slavić 2018; Slavić & Mrnjavac 2019; TNS 

Opinion & Social Network 2014). Nevertheless, the modal split reported in this paper 

is different than previous ones, reported in 2014, 2016, and 2018.  

Those inclined to using their cars daily (61.7%), rationalize this with perceived 

travel speed and convenience, although this is not necessarily true. The car has been 

“the victim of its own success” while the number of cars on the roads often leads to 

congestions and results in a lower level of mobility than expected (European Cyclists' 

Federation, 2009). Four out of 10 PT users are faced with a lack of alternatives. 

Among the active mobility modes, cyclists explain their choice with “speed” (51.38%) 

and “ecology” (36.61%), while pedestrians consider their mobility mode primarily as 

“convenient” (41.33%).   

Bicycles are the most effective mobility mode for short and medium distances 

(Küster, 2018), and almost half of all car trips in EU cities are shorter than 5 km 

(European Commission, 2020a). The fact that the combination of different modes with 

bicycles is never an option for more than 80% of respondents potentially indicates 

using less sustainable options for a large proportion of shorter trips, the ones that could 

be done by bicycle.  

Improving intermodal options would require “seamless integrated transport 

chains” - door-to-door information and ticketing, smooth interchanges at PT stations, 

integration of regional transport with the “last mile urban trip” (European 

Commission, 2017b, p. 24). The integration of bicycles and PT could provide 

seamless transitions, more attractive prices and travel times in comparison with cars, 

and a healthier mobility option (European Cyclists' Federation, n.d.; Urban Agenda 

for the EU Partnership for Urban Mobility, 2020). The current research results 
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indicate that the most important aspects of making intermodal trips are the 

“integration of time schedules of different modes of PT”, “availability/location of 

connecting points”, and the “frequency of connecting PT”. Schedule integration is the 

intermodality aspect the Croatian citizens are the least satisfied with and one of the 

principle reasons for avoiding using intermodal options. 

Public transport is key in an accessible and sustainable urban mobility system 

and cities in Europe need to continue investing in reliable and affordable PT (Urban 

Agenda for the EU Partnership for Urban Mobility, 2020). Doubling the market share 

of PT would help fight the negative effects of urban travel and create pleasant life 

environments (Van Audenhove et al., 2014). Apparent from this research, PT in 

Croatian cities is mostly road transportation (buses). PT punctuality and real time 

information (on routes, timetable and delays) are considered the most important 

aspects of PT.  

For senior citizens, people with disabilities or other reduced mobility groups, PT 

is on many occasions the only option for independent travel (European Commission, 

2017b, p. 20) and its quality reflects the social inclusion of and accessibility for people 

of reduced mobility (European Commission, 2017a, p. 6). Around 80 million people 

in the EU have a disability, preventing their full social participation (ibid. 8). Since 

people of impaired mobility are represented in a small share in this research, 

discussing the general behavior and patterns of those mobility systems’ users has little 

or no ground, although interestingly, almost none (<1%) of the vulnerable group 

representatives in this research reported feeling limited in daily mobility due to 

mobility system aspects.  

Alternative and micro-mobility options are not fully recognized as part of urban 

mobility systems in Croatia, despite their potential the European Commission (2019) 

is aware of. Some mobility users are prepared to sacrifice individual mobility 

preferences in pursuing the sustainability cause, leading to the rapid penetration of 

new mobility services like car sharing and bike sharing (Van Audenhove et al., 2014). 

Shared mobility options and potential are under-utilized in Croatian cities, and this is 

mostly attributed to the lack of sharing systems. 

Car sharing is a more sustainable alternative to private car use (European 

Commission, 2017a, p. 25), but only around 7% of the respondents use it. Bike sharing 

makes commuting more efficient, increases connectivity in a city, and enhances 

productivity in the urban economy (European Cyclists' Federation, 2018). However, 

bike-sharing schemes are never used by 95.5% of the respondents in this research.  

Unlike the urban car drivers, the largest share of all respondents does not 

consider safety-related issues the main issues of road traffic. An average respondent 

is focused on urban mobility issues that result from car-dominance in the modal split 

(congestion, lack of parking, parking cost, poor road infrastructure). All these negative 

effects of road traffic require a balanced approach, consistent with reducing car trips 

while at the same time providing alternatives and/or more efficient use of existing 

infrastructure (EPOMM). In other words, the situation calls for the implementation of 

MM or TDM measures.  

Active mobility modes are clean, efficient modes particularly suited for short 

distance urban trips (European Commission, 2017a). There is a notable lack of 

comparable statistics on walking and cycling in the EU (European Commission & 
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COWI, 2017) and, therefore, a lack of key performance indicators for active modes. 

In Croatia, there are no comprehensive travel surveys conducted at the national level. 

More than half of the respondents in this research reported walking “daily” and for 

around a quarter, “the combination of walking and PT” is the first daily mobility 

choice. Unlike walking, only around 5% of Croatian citizens ride a bicycle “daily”, 

and around 60% do it “never” or only “a few times a year”. People feeling limited by 

the mobility system in terms of daily mobility use the active modes even less 

frequently. For both cycling and walking, the infrastructure is ranked high on the list 

of active mode important aspects. 

 Of the surveyed citizens, 97% own a smartphone, and 75% are aware of 

available smartphone mobility tools. More than half do not use those tools, while the 

rest use the most basic ones like the Google maps. Also, the majority of respondents 

do not use home deliveries, which could reduce the burden on the urban mobility 

system. 

In relation to the research scope and research questions, after analysing the data 

and discussing the findings, the research results indicate that urban mobility systems 

in Croatia: 

 could be more sustainable and integrate (more) environmentally-friendly 

modes like micro-mobility options and other alternatives to car trips. For 

example, public bike schemes are unavailable in many cities, and cycling and 

walking infrastructure is perceived as lacking or of poor quality.  

 do not function optimally. Citizens often report a lack of alternatives for 

everyday trips, and justify not using some alternatives to cars with the fact that  

they do not exist in many cities. 

 are limited in multimodality, missing intermodal connections and offering 

narrow intermodal options.  

 need further integration. There are almost no intermodal trips that include 

bicycles and all respondents want seamless transportation chains (joint 

ticketing, integration of time schedules, walkable distance from mode to mode, 

and availability/the location of connecting points). There is also a substantial 

share of single-mode travel, mostly among car drivers. 

 are mostly safe. Being ranked among the most important aspects of different 

modes, safety satisfaction indicates that the system is actually safe for persons 

and travel means. 

 limit daily mobility due to system features. Respondents whose commute is 

longer than the recorded average of 15-30 minutes, and the majority of 

respondents who travel by PT daily, feel restricted. Car orientation results in 

many negative impacts on personal mobility; pedestrian and bicycle 

infrastructure are lacking; and sharing systems are not present in many, if not 

most, cities. 

 lack “soft” measures, primarily (real-time) communication to users, evident 

from the fact that only 38.52% of the total sample uses smartphone apps, of 

which 58.20% uses Google maps, as well as the fact that only 14.65% of 

respondents use PT apps to deal with daily mobility needs. 

 are under-efficient, and unable to meet the demands of their users. 
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Based on the available research the authors argue that with regard to the maturity 

and sustainability of the modal split, urban mobility systems in Croatian cities should 

either undergo fundamental redesign of the mobility system to become more focused 

on PT and sustainability (Rethink the system), or fully integrate the travel value chain 

to foster seamless, multimodal mobility (Network the system). Some cities could also 

focus on establishing a sustainable mobility core, able to satisfy short-term demand 

(Van Audenhove et al., 2014, p. 7).  

In addressing the mobility system issues determined by this research, Croatian 

cities would need to start from a vision of sustainable (future) urban mobility 

(potentially in the form of a SUMP (Rupprecht Consult, 2019), which only a few 

Croatian cities have). Based on the established behaviour of the surveyed respondents, 

towns and cities in Croatia need to focus more on providing more mobility options 

(choices) in the form of PT, shared mobility, as well as other alternatives and micro-

mobility modes. A combination of quality improvements and service upgrades, 

allowing for private financing or public-private cooperation, together with urban 

mobility demand management measures, would help to enhance the sustainability of 

Croatian urban mobility systems. 

 

 

5. CONCLUSION 

 

There is no perfect mobility system nor is there a single solution for all urban 

problems caused by growing population, urbanization, and non-adequate authority 

responses. Although a nation of relatively small urban settlements, Croatia should 

learn from the global transportation-related negative trends and empower cities, as 

well as encourage its citizens, to initiate a behavioural change on an everyday basis 

as far as travel is concerned.  

As argued in this paper, mobility in urban areas facilitates growth and 

employment (European Commission, 2019a) and enables cities to act as hubs of 

knowledge, economic activity, innovation and welfare (European Commission, 

2017a, p. 6). It is therefore inevitable that mobility systems and services will need to 

be upgraded while at the same time reducing the negative outputs of transportation 

(congestion, accidents and pollution).  

This paper implemented a Sustainable Mobility Project survey in assessing the 

mobility patterns of Croatian citizens and the features of existing urban mobility 

systems. The paper identifies both the potential and the shortcomings of existing 

mobility systems, reflected in behaviour and attitudes towards mobility among users 

of those systems. While the quality of urban life greatly depends on an efficient 

mobility system, the current state implies the need for (more) investments in more 

sustainable and better mobility options, which are expected to contribute to the cities’ 

competitiveness, productivity, attractiveness and overall quality of life (Arcadis & 

Cebr, 2017). New and innovative urban mobility solutions require strong involvement 

of both public and private capital (Urban Agenda for the EU Partnership for Urban 

Mobility, 2019).  
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Abstract 

 

The rapidly changing global environment in which logistics organizations 

operate requires an appropriate and rapid organizational response and, consequently, 

an appropriate corporate culture. Due to the increasing awareness of environmental 

issues, organizations are being forced to take measures aimed at reducing 

environmental impacts and optimizing the use of resources. There is also an urgent 

need for greater social equality, which requires organizations to adapt their businesses, 

apply modern approaches to management, and change their organizational culture 

from what was considered successful not long ago. Organizational culture is a 

common philosophy of employees in every organization, and it includes stakeholders 

and the environment of the organization. The purpose of this research was to examine 

what an organizational culture that supports the concept of sustainability should look 

like. A qualitative approach, based on documentary analysis of previously studied 

theories of corporate culture and concepts of a sustainable organization, was used. 

The results show that the right choice of organizational culture typology is of great 

importance in integrating sustainability into the organization. A sustainably oriented 

organization must also have a strong organizational culture in place, but it must be 

continuously nurtured, upgraded, and explored.  

 

Key words: corporate culture, organizational culture, sustainable organization, 

management 
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1. INTRODUCTION  

 

Today, the need for greater social equality and the pursuit of global economic 

growth is steadily increasing. Care for optimal utilization of resources is also 

becoming a necessity in logistics organizations. Business practices that were 

considered excellent yesterday are being forced to adapt and redefine today. 

According to Henriques and Sadorsky (2006), this trend is increasingly being put into 

practice, especially in countries with high economic growth. This has also led to the 

emergence of an ideology of "sustainability", which represents a new way of thinking 

and has a significant impact on the global economy (Henriques & Sadorsky, 1999). 

In the field of logistics, to date, little attention has been paid to addressing 

sustainability. Environmental performance assessment is also a relatively unexplored 

area, while environmental performance measurement systems focus only on visible 

country measurements (Marchet et al., 2014). However, according to DeBettignies 

and Lepineux (2009), organizations should make more significant efforts to achieve 

sustainable solutions in terms of social and environmental issues. According to Sabel, 

O'Rouke, and Fung (2000), dealing with sustainability from a corporate culture 

perspective goes back to the ethical treatment of resource extraction. Also, production 

methods that reduce energy consumption and control emissions are essential 

(Christmann, 2004). Active corporate social and humanitarian involvement must also 

be included in the corporate culture itself (Selsky & Parker, 2005). To make corporate 

changes from a sustainable management perspective, managers and employees must 

be familiar with the processes and new management policies. Everyone involved must 

be aware of the issue of sustainability going beyond their direct work responsibility 

(Haugh & Talwar, 2010). 

Multi-functionality of logistics plays a vital role in determining the corporate 

strategy of sustainability (Piecyk & Björklund, 2015). The concept of sustainable 

responsibility represents an organization and consistent commitment on the part to 

fully meet economic, social, and environmental expectations, both internally and 

externally. Organizations must have the highest ethical values, respect the community 

and the environment, and contribute to the well-being of all (Samant & Sangle, 2016). 

Galbreath (2009) believes that an organization should consider corporate social 

responsibility (CSR) as something more than just a set of practices and occasional 

initiatives motivated simply by marketing technology. Wenhao and Kaufman (2011) 

talk about a business vision that combines respect for high ethical values, people, 

community, and environment. The authors believe that social responsibility has many 

benefits, not only environmental but also economical. Additionally, processes in 

organizations are improving due to the establishment of a system of measuring 

metrics. 

Research, which was traditionally aimed at measuring economic and financial 

performance, is now starting to focus on including environmental and social aspects 

as well, especially related to performance measurement concerning economic and 

financial performance (financial and non-financial). It is also emerging that the 

implementation of sustainable practices requires the involvement of all stakeholders 

in the organizational strategy, and their effects need to be assessed (Bulgacov et al., 
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2015). Stakeholder involvement in organizational strategy can foster co-creation of 

sustainable value (Samant & Sangle, 2016). 

Managers play a crucial role in strategically directing the implementation of the 

CSR concept. In this respect, the interpretation of executives is critical as they are the 

ones that most influence organizational sustainability practices. Therefore, the success 

of sustainability efforts depends on their subjective perception of CSR. However, 

sustainable companies cannot necessarily respond to the wide range of stakeholder 

requirements and expectations due to their limited resources. Therefore, companies 

must prioritize resources for efforts that strongly affect the overall organizational 

effectiveness of CSR and sustainable development (Henriques & Sadorsky, 1999). 

According to Bansal (2005), there are three pillars of sustainability; the 

economic, social, and environmental pillars. Economic sustainability is essential to a 

company’s financial success - in the long run, a corporation simply cannot survive if 

its expenditures exceed income. In this context, social sustainability embodies the 

humanitarian context of business and addresses issues of poverty and income 

inequality. Environmental sustainability, however, takes into account the impact of 

business on the quality and quantity of natural resources, the environment, global 

warming, ecological concerns, waste management, energy and resource use, 

alternative energy production, and improved pollution and emissions management 

(Townsend, 2008). The risk of climate change resulting from human activities 

indicates that these three pillars of sustainability are closely linked (IPCC, 2007). 

After all, making logistics sustainable needs to involve more than cutting CO2 

emissions (McKinnon, 2015). 

Investing in sustainability has potential benefits for the organization as it 

continually reminds stakeholders that they are committed to social and environmental 

goals, which is related to positive company performance, competitive advantage, 

customer loyalty, the good name of the organization, improved image of the 

organization, legitimacy and improved employment and employee retention 

(Waddock & Graves, 1997). However, investing in sustainability can lead to costs that 

do not align with stakeholder interests (Jaffe et al., 1995). 

Logistics organizations today face pressure from both institutional forces and 

investors, customers, and employees. Internal pressure from investors, employees, 

customers, and suppliers has encouraged sustainability in the corporate agenda. At the 

external level, legislation, regulations, and voluntary codes of conduct, such as the 

United Nations Global Compact (2007), have increased pressure for corporations to 

operate sustainably. Corporations can address sustainability through internal 

voluntary initiatives and beyond through partnerships and collaboration (Selsky & 

Parker, 2005). As social awareness and interest in sustainability increases and the 

group's activity in this area puts pressure on the organization, then senior executives 

and owners make more of an effort to integrate these issues into their organizations' 

operations (Spar & LaMure, 2003). 

Corporations seeking to integrate the concept of sustainability into their 

facilities, processes, and products are likely to face significant challenges and, in some 

cases, completely transform their businesses (Siebenhüner & Arnold, 2007). 

According to Waddock and McIntosh (2009), radically changing an organization's 

focus to focus on the concept of sustainability means "a shift in managerial mindsets 
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about the impact, purpose, and role of the organization on society." Such a shift 

requires more than just distributing leaflets and reports and a few days of training for 

selected employees who need in-depth learning about (Cramer, 2005): changes in 

business practices, dialogue, and interactions with external stakeholders, 

implementation of new sustainable business strategies, etc. 

Such challenges and shifts require new knowledge. Siebenhüner and Arnold 

(2007) believe that the key to such organizational change is learning. Changing 

employees' positions that sustainability is a key driver rather than a mandatory 

supplement requires investments and a serious approach. (Grant, 1996). More than a 

hundred standards and management solutions have been developed to evaluate and 

report on the economic, social, environmental, and sustainable performance of 

businesses. These tools provide information of a qualitative, quantitative, and 

economic nature and influence interactions between a company and its stakeholders 

(ISO Advisory Group on Corporate Social Responsibility, 2003). However, this 

diversity, complexity, and lack of an exact frame of reference have created adverse 

effects between companies and their stakeholders. Thus, at this level, there is 

confusion, lack of real knowledge, and organizational innovation. The development 

of standards and abbreviations, the development of different and similar proposals, 

especially the high expectations of organizations, can complicate attitudes towards 

sustainability and corporate social responsibility. There was also confusion and lack 

of clarity for business stakeholders. When companies do not use an effective and 

precise approach to managing, evaluating, and reporting their performance, different 

stakeholders have difficulty analyzing and evaluating the sustainable efforts of 

companies. Furthermore, this absence of common, reliable, and recognized processes 

and methods could encourage those stakeholders who adopt fraudulent behavior and 

report unfair and untrue results. Moreover, even if the most advanced sustainability 

methodologies are taken into account, they are not designed to consider the various 

relationships that companies develop with stakeholders in an explicit, clear, and 

comprehensive manner (Figge et al., 2002). 

 

1.1. Corporate culture 

 

Corporate culture begins with the vision of the organization. Usually, a vision is 

a single phrase that communicates precisely what the purpose of the business is. Then 

corporate culture dictates how people should behave in the workplace, what values 

should guide their performance, and what practices should be pursued to achieve the 

vision. The behavior is directly related to what customers and colleagues see, and 

includes the dress code, the company’s physical environment, as well as 

organizational rituals. Values refer to the unwritten laws of workplace behavior. For 

example, workers should not gossip, or everyone should work for the benefit of 

society, etc. Values are manifested in behavior but cannot be directly perceived 

(Schein, 2006). Hofstede (2001) describes culture as comprehensive, historically 

influenced, linked to anthropological concepts, socially constructed, soft, and 

relatively stable. Hofstede (2005) also regards organizational culture as a collective 

thinking program that differentiates employees from one organization to another. The 
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influence of corporate culture on the formation and management of organizations is a 

constant theme of contemporary organization management. 

The focus of corporate culture is teamwork, trust, openness, and respect. Belief, 

value, and everyday behavior are the fundamental factors of corporate culture and are 

reflected through stories, symbols, and rituals, as well as a way of understanding and 

responding. The excellence and quality of the organization are built and displayed in 

all segments, especially in detail. Corporate communication, which is a prerequisite 

for creating a strong and positive culture and desired corporate identity, plays a 

significant role in creating the corporate image and identity. It is imperative that each 

organization nurtures its style and is recognizable by its genuine communication. The 

manager is the one who manages the organization but also plays the role of a mentor 

and the person who gives employees their knowledge and skills. The motivation of 

both managers and employees is fundamental because with the right motivation the 

employee is more satisfied, which means the faster and better quality achievement of 

the desired goals. Promotion and marketing are of paramount importance in building 

and maintaining an excellent corporate reputation. Corporate strategies, which are the 

basic orientation of an organization's operations, play an essential role in the 

development of company performance (Spudić, 2017). 

The organization's philosophy and organizational strategy should also be 

highlighted here. According to Schein (1997), philosophy defines fundamental and, 

therefore, relatively weak ideas about the composition of an organization, the goals of 

the organization, and the rules of behavior. It distinguishes itself from an 

organizational culture in that it represents essentially only the desirable state of the 

organization. The leadership of the organization defines the entire operation of its 

members. However, the organization's strategy is established based on the existing 

structure and control system, which leads to the transformation of the organizational 

culture - all elements are closely interconnected (Hofstede, 2005). 

Regardless, organizational culture, as a set of habits, norms, and beliefs shared 

by members of the organization, fosters mutual understanding and consensus on 

common processes and practices that contribute to the achievement of organizational 

goals (Napitupulu, 2018). Homburg and Pflesser (2000) believe that values represent 

a system of beliefs that guide human behavior and create a shared atmosphere at the 

organization level. Maignan et al. (2011) emphasize that unique values that contribute 

to stakeholder orientation are ethical values, team orientation, and open 

communication. Ethical values must guide behavior and thinking throughout the 

organization. 

 

1.2. The theory of typologies used for research purposes 

 

Schein (1997) offers a typology that is currently the most popular in the 

literature. In this concept, culture is structured into three levels that represent different 

levels of cultural evidence. These levels range from very tangible manifestations to 

deeply embedded, unconscious basic assumptions (Schein, 1997): 

• Artifacts represent the visible structures and processes in an organization 

(habits, customs, dress codes, etc.). They are visible indicators, but sometimes 
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difficult to understand. They are an apparent image of an organization that people see, 

hear and feel; 

• Values represent policies, goals, views and are reflected through the 

strategies, goals, philosophy, and standards of the organization. They are much less 

visible than behavior and artifacts, which means that they are not always at the level 

of awareness; 

• The basic assumptions go into unconscious, self-evident attitudes, 

perceptions, thoughts, and emotions (when values are taken to the level where people 

are no longer aware of them and take them for granted). Assumptions are taken for 

granted in an organization. The underlying assumptions are implicit; they guide 

individual behavior and inform team members about how to perceive, think, and feel 

about things. This level is the hardest to change. The human mind needs cognitive 

stability, so any challenge or question about the basic premise can release fear and 

defence. In this sense, the common basic assumptions that make up a group culture 

can be considered at both individual and group levels, as well as psychological-

cognitive defence mechanisms that enable the group to continue its operations. 

Recognizing this link is important when considering aspects of a group's culture, as it 

is no easier than changing an individual's pattern of defence mechanisms (Schein, 

1997). 

Hofstede (2005) believes that corporate culture does not express itself directly, 

but through its relationship to the organization, itself, and the environment. A culture 

can be defined by an accessible and visible external observation, and by a culture that 

cannot be directly observed and can only be inferred. Thus, for the survey, Table 1 

shows the basic components of Hofstede's culture. 

 

Table 1. Definitions of culture components  

An integral part 

of the culture 

Description in classic organization Author 

Value It is an individual's criterion for judging which conduct 

is right and which is wrong. The value represents the 

basic view of work, collaboration, loyalty, and acts 

because of the socialization of the individual. 

Možina et 

al., 1994 

 

Role It represents the standardized patterns of behavior that 

are required of an individual. In this way, roles 

connect people and interact with them in connection 

with the division of work within the organization. 

Možina et 

al., 1994 

 

Norm It represents the rules of behavior that have evolved 

because of interactions between participants in the 

organization. It represents the behavior expected of 

members of an organization; represents the collective 

attitudes, beliefs, and feelings that pertain to members 

’behavior. 

Ivanko & 

Stare 2007 
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Typical 

behavior 

patterns 

Behavior is a reflection of individuals to the norms, 

roles, and values of the organization. Behavior patterns 

can also be identified in certain reactions, such as 

when a mistake is made, or tolerance is committed. 

Schneider, 

1990 

 

Role models They are members of the organization or successful 

leaders whose actions have been beneficial to the 

organization. Often, successful leaders and / or 

founders of the organization are involved. 

Hofstede, 

2005 

 

Customs and 

rituals 

They represent different celebrations of organizational 

anniversaries, a specific type of events, a way of 

commemorating major individual successes that 

receive special treatment, etc. 

Ivanko & 

Stare, 2007 

 

Communication Corporate communication, which is a prerequisite for 

creating a strong and positive culture and desired 

corporate identity, plays a significant role in creating 

the image and identity of the company. It represents 

the nervous system of the organization as it is crucial 

for its functioning. Of particular importance is 

informal and actual communication and attitudes 

towards formal communication. 

Schein 

1997 

 

Products and 

services 

In a broad sense, these are all kinds of creations 

created by members of the organization and are the 

most easily visible contents of the organizational 

culture. 

Ivanko & 

Stare, 2007 

 
Source: Own source 

 

The next typology selected is based on a theoretical model called The Competing 

Values Framework (CVF), which defines four main types of organizational cultures 

(Table 2), namely klan, adhoc, hierarchy, and market. Cultures are divided into two 

dimensions (Cameron & Quinn, 2006): 

 

• flexibility and autonomy - stability and control; 

• internal environment and integration - external environment and 

differentiation. 

 

Table 2. Types of organizational cultures by Cameron and Quinn 

Type of 

culture 

A characteristic of the culture 

Klan 

 

Friendly work environment; as a large family, people share good 

and evil; managers are mentors and fatherly personalities; it is 

characterized by belonging and tradition; significant commitment; 

much emphasis on the long-term usefulness of people's personal 

development; complexity and atmosphere count a lot; 

benchmarking is customer satisfaction, and concern for people; 



Corporate culture in relation to a sustainable logistics organization 
Igor Grofelnik, Tina Cvahte and Marjan Sternad 
  

  

282 

 

highly developed teamwork; cooperation and consent are a 

constant. 

Adhoc 

 

A dynamic, entrepreneurial, and creative work environment; 

colleagues are exposed to and take risks; leaders represent 

innovators and are willing to take risks; the organization is focused 

on innovation; long-term orientation is growth and gaining new 

capabilities; performance is the invention of unique, new products 

and services; personal initiative and independence are rewarded. 

Hierarchy A formalized and structured environment; procedures determine 

the actions of people; leaders are effective coordinators and 

organizers; it is crucial for the organization to function smoothly; it 

is characterized by formal rules and regulations; the long-term 

focus is stability and performance - smooth operation; effectively; 

employee care encompasses job security. 

Market Results-oriented, tasks are first, and priority; great competition and 

striving for goals; leaders are hard, demanding, competitive, 

inexorable; the organization is linked by a commitment to winning; 

significant commitment to the reputation and success of the 

organization; long-term focus on competitive action and 

achievement of measurable goals and objectives; success 

represents market share and market penetration; consider 

competitive prices and market leadership; the organization is very 

competitive. 
Source: Cameron & Quinn, 2006 

 

In his typology, Ansoff (1987) distinguishes five different types of 

organizational cultures: stable, reactive, exploitative, coordinative, and anticipatory 

(Table 3). 

 

Table 3. Organizational culture by Ansoff 

Type of culture A characteristic of the culture 

A stable type  the goal is to maintain the status quo; members of the 

organization are introverted and oriented toward the past and 

have great resistance to change. 

A reactive type introverted; unlike, members are focused on the present and are 

prepared for minimal risk of change. 

Exploratory 

type 

directed outward and constantly seeking change; the aim is to 

reduce unexpected threats through change; the action is 

constant. 

Coordination 

type  

pointing outwards; focused on the future and expecting it ready, 

shaping the future themselves. 

Anticipative 

culture 

introverted and also outward-oriented; accept risks when they 

have full confidence; good planning is typical. 
Source: Ansoff, 1987 
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According to Heskett (2015), good organizational culture can account for 20-

30% of the difference in corporate performance compared to culturally insignificant 

competitors. Each culture is unique, and a myriad of factors create one, but at least six 

standard components of large cultures can be observed (Table 4) (Coleman, 2013). 

 

Table 4. Factors of large cultures  

Factors Features  

Vision The company can integrate the vision from the very beginning. The 

vision influences the corporate mechanisms of cultural change 

proposed by the various successful change drivers in the industry. 

Values Company values are at the core of its culture. While the vision 

articulates the purpose of the business, the values offer a set of 

guidelines on the behavior and thinking needed to achieve that vision. 

Practice Values are of little importance unless they are written down in company 

practices. If an organization professes "people are our greatest asset", 

then it should also be willing to invest in visible ways. Whatever the 

organization's values, they need to be strengthened in review criteria 

and promotional policies, and integrated into the principles of the day-

to-day life of the business. 

People No business can build a coherent culture without people who either 

share its core values or have the willingness and ability to embrace 

those values. People stick to the culture they like, and establishing the 

right “carriers of culture” reinforces the culture that the organization 

already has. 

History Each organization has a unique history - a unique story. 

Place It is distinguished as open architecture and closed architecture. Some 

cities and countries have local cultures that can reinforce or counteract 

the culture that a business is trying to create. The location of the 

organization influences the behavior and values of the people in the 

organization. 
Source: Coleman, 2013 

 

 

2. METHODOLOGY  
 

In the area of corporate culture and sustainability, there is a wealth of research 

exploring the relationship between these disciplines. The previously reviewed 

literature highlights the benefits, strengths, and weaknesses associated with 

understanding sustainability and organizational culture in organizations. It is evident 

that in the present day, the concern for the sustainable functioning of the organization 

is necessary and must be implemented in the corporate governance of the 

organization. 

In the introductory chapter, the theory was examined from the field of 

sustainability, sustainable organization, and organizational culture. For the research, 

a qualitative approach based on documentary analysis of the previously studied 

theories of corporate culture and the concept and characteristics of the sustainable 
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organization was used. In the results chapter, analysis of the fundamental 

characteristics and the difference between traditional corporate culture and a culture 

that incorporates the concept of sustainability was performed. The following 

hypothesis and research question were defined for the research: 

 

H1: Choosing the right organizational culture is of great importance in 

integrating sustainability into the organization. 

R1: What type of organizational culture is appropriate to provide and understand 

the area of sustainability in an organization? 

 

Due to the enormous interest in organizational culture, several typologies have 

emerged in recent years. Typology is an attempt to simplify complex reality and, 

utilizing a model type, tries to show us reality in the studied organization (Rozman, 

2000). In order to describe and discuss cultural phenomena in a sustainable 

organization, there were examined several typologies presented in the introduction 

section. The obtained theoretical data were analyzed and presented in the results 

section. Finally, a summary was prepared in the Discussion section, which included a 

subjective perspective. 

 

 

3. RESULTS  
 

Based on the three levels defined by Schein, there have been defined three levels 

of cultural evidence that a sustainable organization must contain based on theoretical 

findings: 

• From the point of view of Artifacts concerning sustainability, the 

organization must be effective in the field of environmental programs, and the 

products are eco-designed. Performance criteria are present within the organization, 

and the organization uses material flow, and process optimization approaches. 

Network coordination, strategic partnerships, product optimization, and multiple by-

products, and optimal material flow planning. 

• From the point of view of Values concerning sustainability, there is a need 

for a sustainable mindset that is present at all levels, thrift, staff responsibility, 

maximum productivity of materials, and energy. Achieving the goals requires 

strategic partnerships, environmental and sustainable thinking, a systems approach, 

life-cycle analysis, product and process innovation in companies. 

• From the point of view of the Basic Assumptions, achieving sustainability 

from a corporate culture perspective requires conscious networks and partnerships, an 

awareness of responsibility and sustainability is essential, and the concept of 

sustainability requires a holistic approach at all levels. 

 

In the following table 5, the essential characteristics of organizational culture in 

a sustainable organization based on theoretical starting points are defined. As the basic 

one, the typology of the components of organizational culture according to Hofstede 

was chosen. 
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Table 5. Organizational culture concerning sustainable organization according to 

Hofstede 

An integral part 

of the culture 

Organizational culture concerning a sustainable 

organization 

Value Corporate culture begins with the vision of the organization. 

From a corporate culture point of view, awareness of social 

and environmental issues (at all levels of the business) is 

critical. Ethical treatment of resource extraction is also 

essential. Everyone involved should be aware of the issue of 

sustainability and the viewpoint of the work they are doing. 

Cooperation is sustainable. Respect for people and the 

establishment of the highest ethical values that respect the 

community and the environment and contribute to the well-

being of all are also important values. The true philosophy of 

the organization is also crucial to establishing true values. 

Stakeholders support sustainability.  

Role There is a conscious awareness that an organization, both 

internally and externally, must meet economic, social, and 

environmental expectations. Corporate social responsibility 

is thus a key part of a strategy that is beneficial for everyone, 

including the financial performance of the company. 

Norm The organization has a metric, relationships are defined, the 

behavior of individuals has high ethical, social, and 

environmental standards. Collective positions are directed at 

the sustainability of the organization, and the interpretation 

of executives is of paramount importance. 

Typical behavior 

patterns 

The behavior of individuals towards the norms, roles, and 

values of the organization is sustainable in all aspects. There 

is no tolerance to threaten the sustainability of the 

organization and the environment. The mistakes committed 

are taken seriously. The expected behavior in an organization 

contributes to meeting the needs of stakeholders. A team 

orientation is characteristic, involving members of 

organizations in the support system and encouraging 

cooperation. Constant learning. 

Role models Stakeholder orientation has become a widespread form of 

market orientation. Managers play a crucial role in 

strategically directing the implementation of the CSR 

concept. Successful members of the organization or 

successful leaders whose operations have been beneficial to 

the organization from a sustainability perspective are 

essential. Often, successful leaders and / or founders of the 

organization have adopted a philosophy of sustainability. 

Customs and 

rituals 

Events are sustainable, mainly in terms of environmental and 

social responsibility. Achieving the goals is publicly 
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celebrated and reinforces the interest of exogenous social 

responsibility. 

Communication Corporate communication, which is a prerequisite for 

creating a strong and positive culture and desired corporate 

identity. Communication is in all directions. The 

implementation of sustainable practices requires the 

involvement of all stakeholders in the organizational 

strategy. 

Products and 

services 

Products and services are principles of a sustainable nature. 

They are based on the sea of meeting the needs of the present 

without compromising the ability of future generations to 

meet their needs. 
Source: Own source 

 

From Cameron and Quinn's typology (Table 2), it can be argued that, to a large 

extent, a sustainable organization has an established organizational culture that is 

more complex and can be combined with the individual types of typology used. It is 

observed to the greatest extent that organizational culture in a socially responsible and 

sustainable organization incorporates the fundamental characteristics of the Klan and 

Adhoc cultures. From a typology standpoint, the Klan is also an indispensable work 

environment in a high-sustainability organization, managers are mentors and fatherly 

personalities. Emphasis is also placed on the long-term utility of personal 

development of employees. The benchmark is customer satisfaction and concern for 

people, which points to the fundamental characteristics of a sustainable organization. 

One of the essential characteristics of a sustainable organization is Adhoc typology. 

Namely, the sustainability aspect supports innovation and new products that are 

sustainable. 

According to Ansoff's typology (Table 3), a sustainable organization has a 

combined organizational culture that can be classified as an explorative, harmonizing, 

and anticipatory type by individual elements. Namely, based on a review of the theory, 

it can be argued that corporate culture in a sustainable organization is characterized 

by a constant search for change and, consequently, an improvement of the prior 

situation, which is directed at sustainable growth and social responsibility. The aim is 

to reduce the unexpected dangers of change, which is characteristic of a sustainable 

organization. The risk of market integration is in focus here, as the concept of 

sustainability is increasingly present, consumer conditions are increasing, and there is 

also the potential for global competition that exploits the ideology of sustainability. 

Sustainable organization, using the Ansoff typology, is outward and forward looking. 

Namely, consumer awareness, the global market situation, the pressures of intentional 

forces are crucial. Thus, an organization needs a strategic plan and a vision that 

encompasses the future. A sustainable organization is ready, the future is shaping 

itself. Sustainable organization is also characterized by good planning. 

In the following Table 6, the basic factors of organizational culture in a 

sustainable organization based on theoretical starting points are defined on the basis 

of six common factors of great cultures of Coleman, which are shown in Table 4. 
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Table 6. Characteristics of factors in a sustainable organization 

Factors Characteristics of sustainability-related factors 

Vision The company can integrate a vision of sustainability from the outset or 

turn towards sustainability. Vision influences the corporate mechanisms 

of cultural change suggested by various successful change drivers from 

the industry (Weerts, Vermeulen & Witjes, 2018). 

Values Sustainably moderate organizations can live within their means. 

Sustainable value is the ability to deliver value that supports the 

organization and context in which it exists. The values of the company 

are the core of its culture and are oriented towards economic, social, and 

environmental issues in a sustainable organization. When an 

organizational culture is sustainable, so are the values of a company 

focused on sustainability. Behavior and thinking are directed towards 

achieving a sustainable vision. Values include environmental concerns, 

cost reductions, employee concerns, job security, transparency of 

business activity, fight against corruption, fair benefits for all, moral 

leadership and stakeholders, high ethical standards, development 

cooperation, sustainable business honesty, openness to innovation, 

respect, and human well-being (Tatarusanu & Onea, 2013) 

Practice Integrating sustainable practices, according to Linnenluecke and 

Griffiths (2010), also changes values and beliefs in an organization. The 

organization thus strengthens and strives for more ethical and 

responsible values. Embracing sustainability is seen by the authors as a 

change in culture at different levels that must be achieved. Practices 

enable successful change of organizational culture. 

People People are inherently resistant to change in every aspect of life, and 

corporate culture is no exception. People need to understand the concept 

of sustainability and social responsibility, so learning at all levels is 

critical. The pursuit of sustainability must be holistic and involve all 

employees of the organization. It is difficult to draw attention to the 

intangible aspect and to persuade people about the value that improved 

culture brings concerning sustainability (Smith Kuczmarski & 

Kuczmarski, 2018). 

History The ability to discover and shape this history into a narrative is a 

fundamental element of creating a culture that is sustainable in our case. 

Elements of this narrative can be formal (Coca-Cola, which has 

dedicated considerable resources to celebrating its heritage and even has 

a World of Coke Museum in Atlanta) or as informal as stories about how 

Steve Jobs's early fascination with calligraphy shaped an aesthetically-

oriented culture at Apple (Coleman, 2013). 

Place Open architecture is more conducive to certain office behaviors than 

collaboration and is characteristic of a sustainable organization. The 

geographical location, architecture, or aesthetic design influences the 

values and behavior of people in the workplace in the organization 

(Coleman, 2013). 
Source: Own source 
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3.1. Testing hypothesis and research question 

 

The hypothesis and the research question were tested in the research part: 

 

H1: the right choice of organizational culture is of great importance in 

integrating sustainability into the organization 

 

Based on the analysis and interpretation of the results, it was found that the right 

choice of organizational culture is of great importance in integrating sustainability 

into the organization. Namely, organizational culture represents the character of the 

organization, which is reflected in the way it operates. In terms of sustainability, it is 

essential for an organization to be effective in terms of environmental programs, and 

products must be designed on the basis of sustainability and performance criteria. 

Likewise, values, habits, norms, beliefs must be oriented towards sustainability and 

must take into account the fundamental characteristics of a sustainable perspective. 

Thus, the choice of a specific typology of organizational culture is extremely 

important. 

 

H2: What type of organizational culture is appropriate to ensure and understand 

the field of sustainability in an organization? 

 

It is observed to the greatest extent that organizational culture in a socially 

responsible and sustainable organization incorporates the fundamental characteristics 

of the Klan and Adhoc cultures. A sustainable organization may have an established 

organizational culture that can be classified as an explorative, harmonizing, and 

anticipatory type by individual elements. It was found that the relationship between 

typologies is multifaceted, and therefore a strict demarcation between them seems 

practically impossible. 

 

 

4. DISCUSSION 

 

Dealing with corporate culture in conjunction with a sustainable logistics 

organization is a complex and challenging task. The research focused on defining the 

cultural values and characteristic elements of corporate culture that are required and 

recommended in a sustainably oriented organization. The basis for defining elements 

is the basic definition of sustainable development. Thus, the fact that the organization 

must maintain natural resources and provide the ability to maintain and improve the 

quality of life has been taken into account. The environmental, economic, and social 

aspects were also included in the research. These aspects alone are the cornerstone of 

sustainable management in an organization. A sustainable organization has an 

established organizational culture because the complexity and understanding of the 

concept of sustainability in an organization are multifaceted and are not offered by a 

limited selection of organizational culture typologies. Consequently, the paper 

presents a general estimation of sustainably oriented characteristics of corporate 

culture, which is inherently tied to the ideology of traditional corporate culture.   
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For an organization to achieve its sustainability goals and ensure long-term 

engagement with environmentally-friendly activities in several different dimensions 

(here relating to the economic, social and natural environment), businesses must rely 

on a strong organizational culture focused on values such as customer orientation, 

transparency, and openness to the community, care for employees, innovation and 

respect for others. These are the core values of successful companies that also take 

into account the sustainability aspect. The market performance and sustainability of a 

firm's activities can be compatible when an organizational culture supports these 

seemingly different goals. They also found that the right choice of organizational 

culture is of great importance in integrating sustainability into the organization. It 

should be noted that it would be necessary to explore the field of understanding the 

conditions of sustainability in connection with the establishment of a sustainable 

organizational culture in future research. It is not clear under what conditions logistics 

companies can adopt a culture of sustainability. 

From a stakeholder perspective, engaging them in the process of knowing 

sustainability from a corporate culture perspective is imperative. Involvement 

enhances awareness and changes the view of sustainability and social responsibility 

of an organization. Thus, consistent learning and awareness of all employees about 

the sustainability aspect is a necessary evil and should not be limited to managers but 

also stakeholders and all employees. There is also an urgent need to implement 

awareness-raising processes and approaches, which must be disseminated and 

implemented across all levels and scope of business functions within the organization. 

Employee opportunities to gain hands-on experience, initiative for sustainability, and 

increase interest and commitment to sustainability must also be enhanced. An 

integrated sustainability strategy system must integrate the technical and action 

learning capabilities that are imperative from an organizational development 

perspective.  It also raises the question of how the state and politics influence 

corporate behavior. How and does the state have a positive impact on the strategic 

restructuring leading to a sustainable logistics organization?  

The issue of the relationship between different values in terms of the individual 

person and the organization should also be highlighted. According to Linnenluecke & 

Griffiths (2010), the values of employees and managers in organizations as a 

phenomenon that attracts a lot of attention of researchers, practitioners, social critics 

and the general public. 

Further research should focus on how employees, owners, and the environment 

affect sustainable growth of the logistics organization in different types of corporative 

cultures, specifically if the perception of sustainability in relation to corporate culture 

can be different. Stakeholders can emphasize various aspects that can be focused on 

the development of the organization, the development of individual departments, 

efficient use of resources, environmental protection and other optimizations. The 

question of the economic trade-offs involved in sustainability also arises. Thus, it 

would be interesting to explore the area of the organization's goals (financial and non-

financial) in conjunction with stakeholders and managers. Where is the optimal level 

of culture in relation to sustainability? Eccles, Ionnou, and Serafiem (2011) talk about 

the financial damage that too targeted nonfinancial (sustainable) business can cause. 
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The authors also believe that the choice of business also depends on the general social 

perception. 

Due to the global environmental problem that modern society is facing, 

sustainability is becoming a challenge that many organizations face today. 

Establishing the right corporate culture that consistently respects sustainability 

awareness at all levels of the organization is imperative today. Good corporate culture 

choices represent competitive advantage and a critical success factor, with the 

awareness that competitive advantage is mentioned by people who are aware of the 

importance of sustainability and strive for a better tomorrow. 
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Abstract 

 

Industry 4.0, industrial digitalization, robotics, sustainability, circular economy, 

eco-efficiency – these are all hot topics for researchers and professionals, as well. 

Since we are in the era of fourth industrial revolution, companies invest more and 

more money in tools and solutions that make it possible to connect all their processes, 

machines, workers and even products into a single network, and to gather data about 

them and through analyses, achieve high performance and improvement. Keeping up 

with technological innovation especially in ICT is vital for companies all around the 

world. Another important issue is sustainability and the concept of circular economy. 

The greatest challenge of our society is to change our operations in order to live within 

the limits of our planet. This expectation for change usually emerges from 

stakeholders of companies, but in order to gain competitive advantage it is important 

to improve environmental performance and their capability to create and prosper 

within the circular economy concept. 

In this paper we would like to explore if there is a connection between ICT 

development and environmental performance. Could these concepts work together, 

do companies develop both aspects and use the advances? We investigate how the 

application of advanced ICT tools effect companies’ environmental performance, 

which will be tested on a database of 300 companies by statistical analyses. The 

database was collected by the Hungarian Competitiveness Research Centre in 2013. 

Preliminary results say that the companies in the sample, which are advanced in 

use of ICT tools both in meaning of extension of usage and variety of tools, lay 

significantly higher emphasis on auditing environmental activity, introducing an 

accounting system which is capable to assess environmental expenses, and 

formulating environmental criteria for suppliers than those who are less advanced in 

ICT.  
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1. INTRODUCTION 

 

Industry 4.0, industrial digitalization, robotics, sustainability, circular economy, 

eco- efficiency – these are all topics move researchers and professionals as well and 

the success of the concepts determines our future.  

Managers of our time have to adapt to a highly dynamic business environment. 

According to the concept of dynamic capability (Eisenhardt and Martin, 2000) in 

order to cope with the highly dynamic environment, businesses need to acquire 

relevant knowledge, then transform them into capability and finally use this capability 

to gain and sustain competitive advantage (Zahra, 2002). 

Part of this environment, there are two concepts: sustainability - as a demand 

from stakeholders at large (Sheth et al, 2011) - and digitalization which has the 

potential to boost efficiency and better customer service of the companies (Becker et 

al, 2009; Nagy et al, 2018). Both of these concepts add to the overall competitiveness 

of companies and demand new capabilities and attitudes e.g. high level of willingness 

to innovate and cooperate with stakeholders. 

In our paper, we narrow digitalization to the extensive use of Information and 

Communication Technologies (ICT) in companies. The extension of ICT usage will 

be analyzed by Pham’s (2010) maturity model, which states that the development of 

ICT in a company depends on the policies, infrastructure, applications and human 

resources. 

The analyses of environmental performance is based on the multidimensional 

environmental performance model suggested by Schulze and Trommer (2011). This 

model was chosen because environmental performance of an organization is 

determined by several factors, not exclusively by CO2 emissions. 

Using statistical analysis methods, we point out, that the companies with higher 

ICT development can achieve better environmental performance. 

The paper is structured as follows: in the literature review we summarize the role 

of ICT in companies and its effect on environment. We also formulate our hypotheses 

and research questions to analyse the topic. In the methodology chapter we introduce 

the Hungarian Competitiveness Study and its extensive questionnaire we used to test 

our questions, and the exact methodology we chose. The Findings parts summarizes 

the results of the analysis, while chapter Discussion presents our new results and their 

relevance for science and industry. The Conclusion sums up the most important results 

and deals with the limitations of the study and future research directions. 

 

1.1 Literature review and hypotheses development 

 

Information and communication technology has gone through intense 

development and spread over the past decades. We use the definition of Weber and 

Kaufman (2011, p.684) in which ICT is understood “as technologies that support data 

and information processing, storage and analysis, as well as data and information 

transmission and communication, via the Internet and other means."  We cannot 

imagine either our homes or workplaces without the presence of various ICT tools, 

and numerous software are here to help our lives and work. 
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ICT technologies in supporting business processes became inevitable in 

companies and can be source of competitiveness (Becker et al, 2009). The level of 

ICT development, maturity can be described many ways (Pham, 2010; Chesher et al, 

2000), and there are indices to measure it, too (Digital Opportunity Index and ICT 

Opportunity Index by International Telecommunication Union). 

From environmental perspective, ICT development has controversial effects. On 

one hand, the spread of ICT tools and the increase of their capacity and performance 

enhance the need for energy, and the large amount of electronic waste burdens the 

environment (Yi-Thomas, 2007). On the other hand, improvement of ICT and 

consequently the efficiency increase of the company and/or production processes 

might save us energy, waste, pollution or workload. ICT contribution to productivity 

and economic growth is admitted (Ishida, 2015; Higón et al., 2017). ICT also take 

main role in economy transformation and become vital source of competitive 

advantage. Although Ollo and Aramendia (2011) discovered no relationship between 

ICT and company competitiveness, they found that advanced ICT favour innovation, 

launching new products and services and implementing new processes which can 

enhance firm competitiveness eventually. 

We can see pro and con examples on ICT’s environmental effects in the 

literature. Matthews (2002) compared on-line and offline book retailers, and 

concluded that it cannot be decided which is more energy efficient. Lee and 

Brahmasrene (2014) explored ASEAN countries to find relationship among ICT, 

economic growth and CO2 emission. They found that ICT has significant positive 

effect on both. However, Melville (2010) emphasizes that ICT tools can enable 

organizational practices and processes that improve environmental and economic 

performance. Ishida (2015) and Yi and Thomas (2007) state that ICT supports 

economic growth, social development and environment protection, although 

computers contain parts that are toxic, and to produce semiconductor wafers 

manufacturers use a lot of water and energy. Toffel and Horvath (2004) analysed two 

ways the effects of ICT on environment. First, the compared the economic effects of 

reading printed newspapers versus on the Internet via PDA, second, using cell phone 

conferences as business meeting instead of traveling. In both cases they explored that 

the ICT-supported version of the activity – i.e. reading online newspaper and tele-

conferencing – produces less emissions than the traditional ways, even if we consider 

the production and material needs of a PDA or a cell phone, or the energy need of 

batteries and wireless internet. 

In this paper we would like to investigate the possible connection between 

digitalization and sustainability - in the narrower sense between the use of information 

and communication technologies and environmental performance. Could these 

intensely researched concepts work together, support each other and provide a more 

sustainable future? Do companies with more developed ICT have better 

environmental performance? Our hypothesis (H1) is that higher level of ICT 

development in a company results in increasing environmental performance. To 

analyse this hypothesis, we formulated three research questions (RQ) as follows:  

 

RQ1: Do companies which use ICT on a more advanced level, have better 

environmental performance? 
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RQ2: What kind of environmental performance can be expected from companies with 

developed ICT system?  

RQ3: What characteristics do companies with advanced ICT and advanced 

environmental performance have? 

 

The next chapter introduces the methodology with which we aim to analyse the 

research questions. 

 

 

2. METHODOLOGY 

 

The research questions will be tested by quantitative methods, using statistical 

analyses. We think that quantitative method and the large sample helps us to reveal if 

there is correspondence amongst the phenomena what we suspect and what are the 

most interesting problems and correlations that are worth to investigate further. 

The database we use belongs to Hungarian Competitiveness Research Centre 

(HCRC) which operates at Corvinus University of Budapest and surveys the 

companies’ competitiveness in approximately every five years. The first Hungarian 

Competitiveness Survey was carried out in 1995 and since then, five others followed 

that. The results of the latest survey (HCRC, 2013) will be analysed in this paper. 

The questionnaire of the survey is almost 100 pages long and can be divided into 

four blocks. Within each blocks, chapters cover wide range of management topics. 

First block is dedicated to the CEO and the board, touching issues like the basic data 

about the firm, the internal and external environment, strategy and management 

structure of the company. The CEO block also deals with human resources 

management and controlling topics. The second block is dedicated to the CFO, 

reviewing the finances, investments and controlling issues. Third block targets the 

production (or service) managers, requesting data about the production or service 

processes, the supporting hardware and software infrastructure, the innovation, the 

logistics and supply chain management and the environment protection. The fourth 

block is dedicated to the sales or marketing directors, aiming to gather data about the 

general market position of the company, the long-term relationships, the marketing 

activity, its assessment and effectiveness. Questions were answered mainly by 

multiple choice or Likert-scale methods, but in case of data requests short answer or 

a number was also accepted. In our analysis, we used questions of the CEO and 

production blocks (see Table 1 and 2). We applied cluster analysis to separate 

companies in the sample which are good from ICT perspective, and which are not. 

After having the clusters, we describe their state of ICT development, and we give a 

description about their environmental performance and the green practices, 

environmental management tools they apply. 

As a first step we selected 12 questions from the questionnaire which we think 

reveals if the respondent company is developed in ICT or not. Since the questionnaire 

was made for different purposes, finding appropriate questions was not easy. During 

selection, we had to consider the variables and scales and standardize them, where 

necessary. It was also a problem that in case of many questions so many answers were 
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missing that it distorted the results or made it impossible to interpret. Consequently, 

we need to exclude them. Table 1. shows the final questions used for the analysis. 

ICT development was analysed along four aspects suggested by Pham (2010): 

ICT policy, infrastructure, applications and human resource. ICT policy refers to 

written or unwritten rules, procedures and ways of doing business in an enterprise. 

Infrastructure covers the devices and services which help the company in storing, 

processing, communicating and sharing information. Applications refer to the 

software which help doing business. Human resource issues concern ICT literacy, 

skills and also innovation skills. We think the following questions represent the level 

of ICT development at companies. Table 1 summarizes the questions selected from 

the HCRC survey. 

 

Table 1. Selected questions for assess ICT maturity 

Maturity 

dimension 

(Pham, 2010) 

Questions Answer options Question 

ID 

ICT Policy Is there written ICT strategy at 

your company? 

Yes/No T38_var 

    

Infrastructure Do you use server virtualization 

in your company? 

1: we use it 

2: it is under 

implementation 

3: we plan to 

implement within 

2 years 

4: we are not 

planning at all 

T45a 

 Do you use cloud in your 

company? 

T45b 

 Do you use Open source 

system(s) in your company? 

T45d 

 Do you use mobile phones and/or 

tablets in your company? 

T45c 

    

Applications Do you use ERP system in your 

company? 

1: we use it 

2: it is under 

implementation 

3: we plan to 

implement within 

2 years 

4: we are not 

planning at all 

T45e 

 Do you use Business Intelligence 

system in your company? 

T45h 

 Do you use Expert system in 

your company? 

T45k 

 Do you use workflow / 

groupware in your company? 

T45i 

    

HR The output of the company 

contains high level of innovation 

1: the statement is 

not valid for the 

company at all 

3: the statement is 

valid more or less 

5: the statement is 

valid in every 

case 

T47a 

 To plan and design our products 

we use innovative IT tools. 

T47b 

 To manufacture our products we 

use innovative IT tools. 

T47c 

Source: own edition, along Pham (2010) maturity dimensions 
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3. ANALYSIS 

 

The analysis is based on cluster analyses. We used the selected 12 questions from 

the questionnaire which reveal whether the respondent company is developed in ICT 

or not. 

ICT policy was measured by whether there is a written IT strategy at the 

company or not (T38_var). Infrastructure was captured by innovative solutions like 

cloud (T45b) and the server virtualization (T45a), which means, that companies hire 

data storage equipment and space at server operators who have huge server parks with 

different performance characteristics and can offer customized portfolio, fitting to the 

actual needs. Application of open source (T45d) systems allow companies to have 

updates frequently and if they have the own ability, to customize the software on their 

own. It is even more common at companies to represent the results of analyses in user-

friendly way, on mobile phone or tablet application (T45c). The spread of these 

devices within a company might also indicate the development stage of ICT. 

The most basic selected ICT application was the ERP system (T45e) since the 

use of this is essential to have processes under control within a company, and be able 

to analyse and give structured reports on them. ERP is also important because many 

other IT tools and solution are built on it and interconnected with it. Using workflow 

and groupware (T45i) indicate that a company has well defined administration, 

problem solving routes, the tasks are allocated to workers clearly. On the way of 

digitalization, the most important thing is to start collecting data on core processes 

and to analyse them. Having rapidly growing databases at companies increased the 

need for alternative data storage systems, which can substitute and disencumber 

corporate data warehouses and servers. The data also have to be analysed and used in 

decision making properly. To do these the application of business intelligence and 

expert systems are developed solutions. Business intelligence (T45h) assure that the 

data for different business areas are analysed and reported. Expert systems (T45k) use 

algorithms maybe artificial intelligence to interpret the information gathered form the 

data, and help top management in making right decisions The latter question mainly 

support the technological background of developed ICT activity in a company. All 

T45 questions were multiple choice, where respondents needed to mark whether they 

use it actually, it is under implementation, they plan to implement it within 2 years or 

not planning at all. The other group of questions used for classification was T47. In 

this question group we investigated the innovation content of the companies’ products 

or services (T47a), whether they support the design and planning of products and 

services by IT (T47b) and how much the manufacturing process of the 

products/services is supported by IT (T47c). 

After selecting the appropriate questions, cluster analyses were run. By using 

SPSS statistics program, a hierarchical cluster analysis was carried out (between-

groups linkage method) which produced two clusters, with population of 43 and 124 

companies. Hierarchical methods can be used easily and can provide reliable results 

on large sample (Sajtos-Mitev, 2007). To test the results of the hierarchical cluster 

analysis, we run a K-mean cluster analysis, too. We got two clusters again with 

population of 66 and 101 companies, and the membership of the clusters almost 

overlap, 17 companies changed place between clusters. As ultimate results, the cluster 
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memberships were defined by where the two methods agreed. This way, first cluster 

contains 43, the second 103 companies. 

As a second step we analysed the environmental performance of the two clusters. 

The description of the clusters from an environmental performance point of view is 

based on the multidimensional environmental performance model suggested by 

Schulze and Trommer (2011). This model was chosen because environmental 

performance of an organization is determined by several factors, not exclusively by 

emissions. The recent literature and public opinion gives great emphasis to 

greenhouse gas emissions and CO2 emissions (Hilty et al, 2011, Wang et al, 2015). 

On the other hand environmental performance can be indicated by strategic decisions 

(e.g environmental policy, sustainability reporting, auditing), the material and 

resource input, the process management and the outputs of operations as well.  

 

Table 2. The questions used in the HCRC survey according to multidimensional 

environmental performance model suggested by Schulze and Trommer (2011) 

Environmental 

performance 

indicators 

Questions Answer 

options 

Question 

ID 

Operational indicators 

Input oriented indicators 

Energy Resources spent on the reduction 

of energy use of production 

Yes/No T51 a 

Water Resources spent on the reduction 

of water use of production 

Yes/No T51 b 

Material use Resources spent on the reduction 

of material use of production 

Yes/No T51 c 

Process indicators 

Recycling Resources spent on the reuse of 

waste materials within the 

company 

Yes/No T51d 

Reuse of materials Resources spent on the reuse of 

products 

Yes/No T51 f 

Elimination of 

hazardous materials 

Resources spent on the 

elimination of hazardous input 

materials 

Yes/No T51 e 

Packaging recycling Resources spent on the recycling 

of packaging 

Yes/No T51g 

Reduction of 

packaging 

Resources spent on the reduction 

of packaging materials for 

product units 

Yes/No T51h 
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Environmental 

criteria for 

suppliers/supplier 

evaluation 

Existance of written 

environmental criteria for 

suppliers 

Yes/No T50b 

Output oriented indicators 

Environmental 

performance 

measurement system 

Is environmental performance 

measurement present by the 

company? 

Yes/No V80b 

Environmental 

accounting 

Is environmental accounting 

system present by the company? 

Yes/No V80f 

Outcome oriented indicators 

Training of 

employees  

Is an environmental training 

program in place for employees? 

Yes/No V80c 

Environment-related 

criteria in employee 

performance 

measurement 

Is there environment-related 

criteria present in employer 

evaluation? 

Yes/No V80d 

Environmental 

auditing 

Is there regular auditing of the 

environmental management 

practices? 

Yes/No V80e 

Strategic indicators 

Manager/department 

responsible for 

environmental issues 

within the 

organizational  

Is at least middle managerial 

level responsible for 

environmental issues within the 

organization? 

Yes/No V63 var 

Environmental policy, 

goal setting 

Does the organization have a 

written environmental policy? 

Yes/No V80a 

Sustainability 

reporting  

Does the oragnization have a 

publicly available environmental 

or sustainability report? 

Yes/No V80g 

Source: own edition 

 

In this framework environmental performance refers to corporate behaviour and give 

a reliable and valid picture of a company’s attitude towards environmental 

sustainability.  

 

 

4. FINDINGS  

 

In the following section, the ICT characteristics of clusters 1 and 2 will be 

revealed. In order to have reliable results, crosstable analysis was run to compare the 
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results of the two clusters, and difference was tested by Cramer’s V on a 5% 

significance level. Differences of the clusters’ results proved statistically significant. 

Regarding ICT policy, in Cluster 1 70% of companies have conscious IT 

strategy, while in Cluster 2 only 36% has (T38_var).Considering infrastructure issues, 

application of cloud technology is actually present or will be in two years at 27% of 

Cluster 1 while only at 12% of Cluster 2 companies. Server virtualization is a little bit 

more spread amongst the companies, maybe they keep it more reliable than cloud: 

53% of Cluster 1 companies uses it or will be in two years, but in Cluster 2 only 11% 

plans the same. Open source systems are applied at 58% of Cluster 1 companies, and 

15% of Cluster 2 companies. The employment of mobile phones and tablets to run 

corporate applications is present at 79% of Cluster 1 companies, while only 33% of 

Cluster 2 companies. 

Regarding the applications, in Cluster 1, 65% of companies uses ERP system, 

and within 2 years 95% of them will have one, while in Cluster 2 actually 17,5% of 

firms have ERP and in a 2-year horizon this share will increase until only 31%. 65% 

of Cluster 1 companies already helps or will within two years the intrafirm 

collaborations with workflow and groupware systems, in Cluster 2 the same is true 

only for 7% of firms. Regarding the analysis of the gathered data, business intelligence 

systems proved to be a big difference between the two clusters. In Cluster 1 93% of 

firms already uses it or plan to implement it within two years, while none of the 

Cluster 2 companies uses the technology actually, and only 7% plans to implement it 

in the following two years. Spread of expert systems shows similarly big gap between 

the clusters. 72% of Cluster 1 companies already uses it, and within two years, 93% 

will. In Cluster 2 none of the companies uses expert system, and only 8% plans to 

implement within two years. Operational and strategic dimension results are 

summarized in Table 3. 

 

Table 3. Results of clusters’ environmental performance 

Maturity 

dimension 

(Pham, 2010) 

Questions Question 

ID 

Cluster 1 

Advanced 

ICT 

Cluster 2 

Lagging 

ICT 

Sig. 

ICT Policy Written ICT 

strategy 

T38_var 70% 36% .000 

      

Infrastructure Server 

virtualization 

T45a 53% 11% .000 

 Cloud T45b 27% 12% .026 

 Open source 

system(s) 

T45d 58% 15% .000 

 Mobile 

phones and/or 

tablets 

T45c 79% 33% .000 

      

Applications ERP system T45e 65% 17.5% .000 
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 Business 

Intelligence 

system 

T45h 93% 7% .000 

 Expert 

system 

T45k 72% 0% .000 

 Workflow / 

groupware 

T45i 65% 7% .000 

Source: own edition 

 

To test how innovative companies are in their products and services (T47a), 

whether they use advanced IT technology in product/service design and planning 

(T47b) as well as in manufacturing (T47c), we used ANOVA F-probe to compare the 

cluster means. Cluster 1 outshines Cluster 2 in all aspects, as it can be seen in Table 

4.  

 

Table 4. Compare of means with ANOVA1 

 Cluster 1 Cluster 2 Sig. 

Innovative product, service 3.21 2.15 0.000 

IT-aided product/service design and 

planning 
3.26 2.12 

0.000 

IT support of manufacturing 3.28 2.28 0.000 

Source: own edition 

 

As we can see, there are significant difference in ICT usage between the two 

clusters. Based on these differences, we named Cluster 1 Advanced in ICT and Cluster 

2 Lagging in ICT. 

The next section shows, how the two clusters differ in environmental 

performance. Results of the clusters were compared by SPSS, applying 5% 

significance level and reliability was tested by Phi and Cramer’s V. All the results are 

statistically significant (if not otherwise marked). 

Regarding input and process-oriented indicators, question T51 measured 

whether the companies spent on different projects to reduce emissions between 2009 

and 2012. Both clusters made efforts: 97% of Cluster 1 and 82% of Cluster 2 

companies reduced the energy consumption of manufacturing (service) process, 

which is a statistically significant difference (5% significance level) but high share 

anyway. Many companies spent on reusing the waste material, 75% in Advanced ICT 

cluster and 54% in Lagging ICT cluster. They also spent money on triggering 

dangerous inputs, 86% in Cluster 1, and 51% in Cluster 2. Between 2009 and 2012 

82% of Cluster 1 companies financed projects to reuse the materials or the product 

itself, while in Cluster 2 only 31% did so. Packaging material per item was reduced at 

72% of Cluster 1, and 45% of Cluster 2 companies. 74% of Cluster 1 companies spent 

on environmental audition of their suppliers, while only 29% in Cluster 2 did so. 

Analysing the output and outcome-oriented indicators, large share of advanced 

IT cluster companies have written environmental policy, apply environmental 

management and accounting system, measure the environmental performance and 

train their employees in environmental issues (Figure 1). 
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Figure 1. Difference of clusters regarding environmental performance1 

 
 

The consciousness of handling environmental issues differs significantly in the 

two clusters. Regarding the strategic indicators, environmental leader appears in the 

company hierarchy in 70% of Cluster 1 firms, while in 56% of Cluster 2 companies 

employ no one being responsible for the area. Cluster 1 companies set environmental 

targets for themselves (79%) while in Cluster 2 only 30% sets own targets. 34% of 

Advanced ICT cluster companies have sustainability/CSR report, while in Cluster 2 

only 19% does so (this result is significant only on 7% level). 

This section represented the results of our analysis, following the structures of 

ICT maturity model of Pham (2010) and environmental performance model of 

Schulze and Trommer (2011). The following section will reveal our remarks on the 

results. 

 

 

5. DISCUSSION 

 

In this part we interpret our findings and answer our research questions. In our 

paper we analysed the development of ICT and also the environmental performance 

along two theoretical models. Both model gave us a very good structure and allowed 

us to apply more dimensions at a time. 

In case of ICT literature focused on mainly the technological background 

(Weber-Kaufmann, 2011; Ishida, 2015), the model applied pointed out that ICT has 

important role in organization and innovation (Ollo-Aramendia, 2011; Pham, 2010). 

The environmental performance model was even more important. In the literature we 

found only process (material and energy consumption) (Yi-Thomas, 2007; Higón et 

al, 2017) and output (GHG and/or CO2 emission) oriented measures (Lee-

Brahmasrene, 2014), although there are many other factors which are important and 

relevant about a company’s environmental performance and which also can be an 

indicator (existence of environmental management system, environmental accounting 
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and performance management, etc.). This way we were able to complete Schulze and 

Trommer’s model and interpret environmental performance in a wider meaning. 

For research question 1, whether companies which use ICT on a more 

advanced level, have better environmental performance we can answer yes. We 

concluded that the Cluster 1 companies, which use ICT on a more advanced level have 

significantly better environmental performance according to our results in 16 

dimensions. The result corresponds with Melville (2010) who emphasizes that ICT 

tools can enable organizational practices and processes that improve environmental 

and economic performance 

Research question 2 dealt with that what kind of environmental performance 

can be expected from companies with more developed ICT. To answer this question 

we introduce the results in more detail. According to the environmental performance 

we can create 3 groups within Cluster 1. Companies in Cluster 1 already have better 

environmental performance than the ones in Cluster 2, but we can still find different 

environmental profiles amongst Cluster 1 companies, and we can split them into three 

groups (since the population of Cluster 1 is only 43, we did not use any statistical 

methodology to split up the cluster, this is an observation which might be worth to be 

studied in further studies on a large sample). There are 9 companies with ‘excellent’ 

environmental performance, 26 with ‘very good’, 7 with ‘good’ performance (1 was 

not classified). Differences of groups is presented in Table 4. 

 

Table 4. Comparison of Cluster 1 companies along environmental performance level 

Groups along 

environmental 

performance 

Questions 

Excellent 

environmental 

performance 

(9 companies) 

Very good 

environmental 

performance 

(26 companies) 

Good 

environmental 

performance 

(7 companies) 

V80a: written 

environmental policy 

8 

(89%) 

18 

(69%) 

3 

(43%) 

T51a: decreasing energy 

consumption of 

manufacturing processes 

9 

(100%) 

19 

(73%) 

2 

(28%) 

T51b: decreasing water 

consumption of 

manufacturing processes 

8 

(89%) 

14 

(54%) 

1 

(14%) 

T51e: decreasing the use 

of hazardous materials 

9 

(100%) 

13 

(50%) 

2 

(28%) 

V63_var: There is 

environmental manager 

in organizational 

hierarchy 

8 

(89%) 

19 

(73%) 

3 

(43%) 

Source: own edition. Note: cells contain the number of companies having or using the 

environmental performance management method 

 

The Table 4 compares environmental performance profiles within Cluster 1 

along several selected questions, related to both operations and strategic oriented 
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indicators. These profile might be analysed in further research since the actual sample 

is not big enough to draw statistically reliable conclusion from it. 

Research question 3 investigated that what characteristics do companies with 

advanced ICT use and advanced environmental performance have. To answer this, we 

also apply the three-split Cluster 1. 

The companies with excellent, very good and good environmental performance 

can be compared by ownership structure, industry, company size and whether they 

have environmental policy, IT strategy or ERP system. 

Excellent companies mostly are in Hungarian private ownership (5 of 9), operate 

mainly in processing industry (6), especially in machine industry (3) and energetics 

(2). Most of them are middle-size companies (6). 8 of 9 have formal environmental 

policy, 5 have formal IT strategy and 8 uses or currently implements ERP system. 

Firms with very good environmental performance are owned mostly by 

Hungarian (14) and foreign (10) private owners. These companies also operate mainly 

in processing industry (19) – within that: machine (9), food (5) and light industries (3) 

- and commerce (3). Very good companies are rather middle-size (15) or large (9) 

ones. 18 of 24 have formal environmental policy, 18 have formal IT strategy and 23 

uses or currently implements ERP system. 

Firms with good environmental performance work in processing industry (2) and 

commerce (2) as well, are owned dominantly by Hungarian private owners (4) and 

are mainly middle-size companies (5). 3 of 7 have formal environmental policy, 6 

have formal IT strategy and all uses or currently implements ERP system. 

Regarding the results, it can be stated that private ownership – even if it is 

Hungarian or foreign – has a good effect on caring about environment. Consciousness 

about environment is not the privilege of large companies, as we can see, middle size 

companies are also dealing with this important issue. Industry affiliation influences 

environmental performance awareness, too. At processing industry firms it is applied 

the most frequently, especially in sector which considered to be very polluting: 

machine, energetics and food. Common in each profiles, that conscious environmental 

performance management cannot be carried out without the transparent operation of 

the company, which is supported by ERP systems in almost all profiles. 

As a summary we can conclude, that our original hypothesis on higher level 

of ICT development in a company results in increasing environmental 

performance is supported by the results, although those are not generalizable. 

 

 

6. CONCLUSION 

 

The topic of sustainability and digitalization are among the most important and 

most researched topics nowadays. The paper contributes to the current discussion 

(Hilty et al. 2011; Ollo and Aramendia, 2011; Melville 2010; Wang et al. 2015; 

Evangelista et al. 2018; Kayikci, 2018) on the use of digitalization and its effects on 

environmental performance. However, our viewpoint is different from the current 

articles, since we explored the relationship between the use of ICT and environmental 

performance and not measure the effects of the two on one another. We used Pham’s 

ICT maturity model and tested it with HCRC Study questionnaire questions, which 
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provided us two clusters with significantly different ICT development level. We than 

applied Schulze and Trommer’s model and completed it with concrete analysable 

aspects in each dimensions. This way our theoretical contribution is dual: we tested a 

model, and completed an other one. 

The results can be useful for professionals as well. According to our results, the 

companies which are advanced in ICT it is worth to make analyses on environmental 

performance too, because they probably have all the data necessary to do so, and it 

might help to make their operations more transparent. Transparency may support 

convincing investors, stakeholders and customers, not to speak about a good 

reputation and corporate brand. 

For further researches, the environmental performance profiles distinguished 

within Cluster 1 companies are worth to investigate, which are at an advanced level 

in ICT and environmental performance. Another research project can be that what 

motivating factors can be discovered for furthering the connected use of the two 

concepts for gaining further competitiveness. 

Our research has limitations. The database we used was edited for different 

purposes we were able to use a questionnaire which was already polled. It was hard 

to find questions suitable to measure different dimensions. Since we have promising 

results, it would be a good further study to edit a questionnaire exclusively to discover 

the relationship of digitalization, environmental performance and sustainability. The 

other cause of limitation is the sample population. The original sample contained 300 

companies, but due to exclusions, only 146 remained, and have been classified into 

advanced ICT cluster (43 companies) and lagging ICT cluster (103 companies). These 

cluster sizes, since they are not even representative, cannot allow us to draw 

generalizable conclusions. The result helped us to reveal interesting new research 

ideas which we are intended to continue.  
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Abstract 

 

The current supply chains, in fact we can speak of full modern, digital supply 

chains, are changing in an extremely dynamic way, requiring constant supervision and 

control of goods flowing through them. This is an extremely important issue for the 

protection of the health and life of consumers, which in terms of the idea of corporate 

social responsibility puts people at the center of attention and all business activities 

must be geared to their needs. Consumer safety is a priority. EU regulations oblige 

businesses to trace the origin of products in both food and consumer health and life 

industries. Companies are obliged to set up appropriate identification systems and 

procedures. They expect that the solutions recommended and implemented for them 

will not only allow for the correct tracking of the delivery of goods, but also protect 

against possible image failure due to a lack of control of their origin. The essence of 

the control of goods-documentation flows is to monitor the movement and origin of 

the product at each stage of the change of place in the logistic modern supply chain. 

For this reason, it is very important to monitor the quality and authenticity of the origin 

of the product in detail, at every stage of its journey, in order to react as quickly as 

possible in the event of a threat to the health or life of consumers. The maximum 

response time as well as safety can be ensured by using Blockchain technology for 

the requirements described above.  In this article the authors have focused on the use 

of Blockchain technology in the implementation of logistics processes, in particular 

in the process of control of trade in goods and documentation. 

 

Key words: blockchain, groceries, supply chain, traceability, GDSN, data sync., 

master data. 
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1. INTRODUCTION  

 

Today's supply chains have opened up a world of connected trade far beyond 

what previous generations imagined, to an integrated, shared, intelligent, digital and 

highly efficient modern supply chain. The supply chain is now a series of independent, 

discrete, largely autonomous events controlled by marketing, production or 

distribution to end users. This is evident both in economic practice and in scientific 

research, which over the years has modified the scope of supply chain management 

(Fechner, 2017; Leuschner et al, 2013; Śliwczyński & Koliński, 2016). Digitization 

of these processes causes a continuous change in the supply chain, creating an 

integrated, modern supply chain, based on the transparency of processes occurring 

between the actors involved, from the suppliers of raw materials or components, 

through production processes to the supply of finished products.  Such activities entail 

an unprecedented complexity of processes, based on multilateral cooperation to 

organize the movement of goods on the world trade market. Each participant faces 

new challenges in tracking the status of origin, authenticity and asset management as 

they cross organizational boundaries. Usually retailers and manufacturers place great 

trust in their direct suppliers, distributors or logistics operators. If any error occurs, 

they must quickly determine both the level of exposure of the potential end customer 

and the point of failure in the supply chain. It is important to stress the fact that the 

food or pharmaceutical supply chain, in particular, is extremely sensitive to any type 

of disruption and, above all, is a critical element in the functioning of society 

(European Commission, 2013). The biggest problems of these phenomena can be 

considered: 

a)  fraud in the food market - substitution, falsification, false information, British 

horsemeat scandal in 2013, Chinese milk scandal in 2008, 

b) Illegal production - in particular in the fishing industry, around 10%-22% of 

total world catches are not recorded or supervised, 

(c) Foodborne diseases - annually 1 in 6 Americans are ill due to foodborne 

infections. The total national cost of foodborne diseases is $93 billion per year 

(as of 2015), 

d)  Liability - severe consequences of abuses in the food supply chain - the average 

cost of a product recall for a company is $10 million, excluding damage caused 

to the brand and related to loss of sales. 

The importance of these problems can also be illustrated by the following 

examples: 

 The UK Food Standards Agency (FSA) reported 2265 food contamination 

cases between 2016 and 17, a 30% increase on the previous year, 

 The World Health Organisation (WHO) has noted that 420,000 people die each 

year from contaminated food and almost one in ten people get sick from eating 

contaminated food.  

Traditional methods of managing joint processes - such as traditional 

inspections, follow-up checks and reconciliation of documentation - are expensive, 

time consuming, prone to error and far from efficient. Therefore, in order to be 

competitive in the world at that time, a strong emphasis must be placed on modern 

solutions operating in integrated, digital modern supply chains. 
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2. RESEARCH METHODOLOGY 

 

Taking into account the nature of this publication, whose main purpose is to 

determine how to monitor the flow of goods and documents in modern supply chains, 

based on the use of Blockchain technology, its authors decided to divide the research 

work into two aspects: 

a. theoretical, identifying both the problem of the definition of this concept and 

the possibilities of its application in logistic processes,  

b. practical, presenting the possibilities of using solutions resulting from 

international R&D projects and business solutions as a proposal for the 

implementation of individual key areas of application of solutions. 

The research process presented in this article results from the logic of structural 

analysis of the identified research problem.  The adopted methodology of research 

works assumes both theoretical research and verification of its assumptions in 

business practice. According to the authors, both aspects aimed not only at 

confrontation of research and practical considerations, but also at ordering the existing 

knowledge on the analyzed subject, cannot be conducted separately. The specificity 

of the research problem requires complex research at every level.  

 

 

3. AN INTEGRATED, DIGITAL, MODERN SUPPLY CHAIN 

 

The changes taking place in the surrounding reality significantly affect the 

development of modern economy. These challenges include, among others, 

demographic changes or a change in the approach to eliminating the biggest barriers 

to development and basing development increasingly on knowledge, digitization and 

innovation. Electronation of processes taking place in particular enterprises or in the 

whole economy, being an integral part of them, will contribute to the improvement of 

their functioning, shortening the time of service and lowering the costs of economic 

activity. Such assumptions are the basis for the issues related to the fourth industrial 

revolution called Industry 4.0 (Pfohl et al, 2015). In order to fully implement them, 

the digitization of processes taking place in enterprises becomes necessary. The 

second aspect to which particular attention should be paid is the process of evolution 

of traditional supply chains, Figure 1 (Schrauf & Berttram, 2016) to the form of an 

integrated, shared, intelligent, digital and highly effective modern supply chain, 

Figure 2 (Schrauf & Berttram, 2016). 

 

Figure. 1. Traditional supply chain. 

Source: Own elaboration 
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 Figure. 2. Integrated, digital, modern supply chain 

Source: Own elaboration 

 

The supply chain is currently a series of independent, discrete, largely 

autonomous events controlled by marketing, production or distribution to final 

customers. Digitalization of these processes will cause a continuous change in the 

supply chain, creating an integrated, modern supply chain, based on the transparency 

of processes between the actors involved, from the suppliers of raw materials or 

components, through production processes, to the supply of finished products. The 

correctness of the events will depend on many key technologies: 

 integrated planning and execution systems,  

 visualization of logistics processes,  

 intelligent supply and storage,  

 tracking goods throughout the modern supply chain, 

 ensuring safety and physical parameters in the process of goods exchange. 

This approach will allow companies to react immediately to any disruptions in 

the supply chain and even to anticipate them in order to be able to model them fully, 

creating scenarios and processes operating in real time. This in turn will change the 

approach to managing your business, thereby increasing the competitiveness of your 

products or services. 

 

 

4. TRACKING FLOWS IN MODERN SUPPLY CHAIN 

 

Many requirements need to be met in order to be able to talk about correct 

modelling of processes in which action scenarios are based on decisions made in real 

time. One of them is a correct and comprehensive description of the product, so that 
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both the manufacturer, logistics operator, seller and consumer have access to the same 

information. This is extremely important because of the total change in the nature of 

the processes of events and the flow of information occurring in the logistical modern 

supply chains:  

 The customer no longer distinguishes between sales channels, 

 Shopping channels are no longer linear, 

 Sales have naturally become multichannel,  

 Customers expect a properly matched interaction, 

 The same product identification is everywhere. 

In addition to this, there are a number of different regulations that have an 

extremely important impact on the design process and must be taken into account. 

Among other things, for several years there have been two European regulations 

governing the scope of information to be made available even before the decision to 

purchase a product (Muszyński, 2016). 

They are: 

 EU Consumer Directive 83/2011 - defining the minimum product 

description necessary to make a purchase decision when selling a product 

over the internet, 

 EU Directive 1169/2011 - concerning food products and the correct 

registration of allergens and ingredients dangerous to the life and health of 

consumers. 

Today it is said that a product is only complete if it has a complete and up-to-

date description. Hence the constant need to expand the information range to meet the 

needs of increasingly aware buyers looking for products with specific characteristics. 

Data quality is the key not only to properly conducted sales processes, but it is also 

essential for the health and life safety of consumers. Two important mechanisms are 

used to ensure this safety: 

 Correct identification of products using the organizational and technical 

environment, which is GDSN - Global Data Synchronization Network. 

 Tools from the traceability group - in other words, traceability, i.e. marking 

and tracking product batches from the start of production including the 

entire supply chain.  

 

Product Data Synchronization with GDSN 

 

GDSN is a standard for product data exchange and at the same time an IT 

environment, i.e. a platform that enables the collection, processing and escalation of 

product data in a consistent structured manner. So far, the supplier, cooperating with 

many retail chains and wholesalers, had to prepare each time a set of data according 

to individual patterns of particular recipients. Most often these were files in Excel 

format, formerly ordinary paper sheets Figure 3. 
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Figure. 3. Change the handling of product data using GDSN 

Source: Own elaboration 

 

With GDSN, it no longer needs to do so, as it concentrates data exchange 

allowing product data to be entered and retrieved in one standardized way. Automatic 

validation rules (checking) of this platform allow to eliminate basic arithmetic and 

logical errors contributing to the quality of transmitted information. For an easier 

understanding of the data structure, the list of attributes (single features describing the 

product - see Table 1) is divided into sections. 

It should be remembered that to control the information exchange process, data 

on the sender, brand owner or author of the entry is necessary. Apart from the names 

and marketing information, dimensional and weight information is very important to 

improve the process of preparing storage sockets and store shelves. In the case of food 

products, on the other hand, food information, calories and, most importantly, the 

content of substances dangerous to health and life, such as allergens, are crucial. 

 

Table 1. Attribute Thematic Sections of the Polish Product Data Model. 

Attributes thematic section Example 

Orderly information GLN suppliers 

Product and packaging level identification in 

hierarchy 
GTIN 

Names and description of product Name of product 

Marketing information Product marketing message 

Legal requirements Name of product regulated by law 

Classification 
Product classification e.g. GPC - 

Global Product Classification 

Information resulting from Regulation 

1169/EU 
Allergen content 

Origin of product Country of manufacture 
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Dimensional weight information Height / Width / Depth 

Storage information 
Maximum and minimum storage 

temperature 

Durability/product warranty Shelf life/useable life 

Type of packaging Wrapping/palette 

Palettizing information 
Number of pieces per layer/ Gross 

palette height 

Packaging materials Glass bottle 

Sales information Minimum order 

Customs and tax rates,  VAT classification  VAT tax 

Control attributes Data publication date 

Source: Own elaboration 

 

The use of the GDSN and its validation rules does not provide a full guarantee 

of the quality of the data it contains. For this platform to be a trusted source of basic 

information, providers need to replenish resources reliably. In many countries, 

including Poland, product data quality surveys were conducted. It turns out that the 

most frequent culprits are certain groups of attributes: 

 Product name - changing the order of components, entering abbreviations 

and adding weights, 

 Dimensional and weight information at cardboard level, 

 Dimensional weight information at pallet level. 

 

Figure. 4. Discrepancies in the product information between the manufacturer's card 

and the data from the retailer's system. 

Source: Own elaboration 
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Successive GDSN implementations at suppliers and educational activities allow 

for a gradual reduction of errors. All these activities have a major impact on improving 

the loss of sales rates. Correct mapping of product data is the beginning of all 

processes between supplier and customer. That is why product data is often called 

master data. Thus, GDSN is treated as a kind of data template to which all parties in 

the modern supply chain refer. The information contained in this repository is 

constant, not transactional. Therefore, another important element is traceability, i.e. 

the ability to reproduce the flow path of a product or raw material in a variable 

environment. 

 

Traceability 

 

Traceability is the ability to track (recreate) the flow of goods in modern supply 

chains, together with the recording of the parameters identifying these goods and all 

the locations covered by the flow. This is important in order to ensure consumer 

safety. Traceability, therefore, consists in the detailed recording and collection of data 

at each stage of the delivery process, i.e. at the level of each of the actors involved in 

processing and sales. This registration is a key element of the whole process, as it 

allows for the smooth withdrawal of a defective product from the market when it may 

endanger consumers. This is called the so-called Recall actions. Such actions are 

registered and coordinated both by local sanitary and commercial inspections and by 

European organisations.  On the basis of the GS1 standards, a number of guidelines 

and good practices have been developed, which successfully function as ready-made 

solutions to be implemented in various industries. An example of such a solution is 

the Global Traceability Standard (GS1 GTS), which defines the principles and 

requirements to be met when designing and implementing traceability systems. 

Among others: 

 It defines the principles and minimum requirements for traceability 

systems, 

 It describes typical business processes regardless of the chosen available 

technology, 

 Indicates how to use GS1 standards in tracking the flow of goods, 

 It characterizes the GS1 standards used in processes (barcodes, EPCIS, 

electronic documents GS1 EDI). 

 

Hence, the most important benefits of using the GTS standard: 

 Readiness for emergency withdrawal, 

 Ensuring consumer safety,  

 Increasing confidence in the brand,  

 Fulfilling legal requirements. 

 

Traceability is now widely used in various manufacturing industries. According 

to literature reports, these activities are absolutely used in the production of medical 

devices and drugs (Regan et al, 2013) and in the production of particularly fresh food 

products (Rábade & Alfaro, 2006). Traceability management is an element present 

both in production and logistics and thus has a huge impact on the efficiency of 
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processes in these areas. For example, the use of traceability at the producer of fresh 

products gives the opportunity to trace the raw material as well as the final product 

through the entire modern supply chain. This provides all data on the raw material, as 

well as on the individual processing steps it has undergone up to the final product. 

Traceability is also the reconstruction of the process in the other direction based on 

information about the finished product. This means that it is possible to trace the 

information about the raw materials from which it was obtained, as well as about the 

manufacturing processes used. 

In order to effectively implement the entire traceability process in the modern 

supply chain, many necessary steps must be taken, such as: 

 Apply the GS1 standards for the entire packaging hierarchy - GTIN + lot 

number + date Best to + weight,  

 Use the GS1 logistic label on the release, with the release number 

(shipment preparation), SSCC (Serial Shipping Container Code),  

 Unify the labels on the packaging: Global Trade Item Number (GTIN), 

 Unify label layout.EAN-13. 

In order to ensure proper flow of the data stream, all the above information 

should be mapped in the ERP enterprise management system. 

 

Synergy of systems in flow tracking 

 

The previously described standards for the proper collation of product data and 

the possibility of reconstructing the production paths of the product guarantee 

consumer safety. Even before the product is on sale, it is possible to power all channels 

using modern data repositories. All stakeholders, i.e. the manufacturer as well as 

intermediary entities, and consequently the end customer, have access to the same up-

to-date and comprehensive descriptive information. Thanks to this, logistics services 

know how to prepare the shop and warehouse for the acceptance of goods, and the 

consumer can verify the composition or parameters of the goods even before making 

a purchase decision. Despite providing high quality information, incidents related to 

production errors may occur. In industries such as medical devices and medicines and 

food products, contamination of an ingredient can cause reactions dangerous to living 

organisms.  Therefore, apart from mapping the data in the GDSN, the manufacturer 

should register all stages of production and distribution of products in order to 

reconstruct paths and exclude defective batches and series of products from sale. Only 

such synergy allows for full control of both data distribution and sales and recall 

processes. An example of a model data flow using both standards is shown in Figure 

5. The imposition of Blockchain technology on the above concept will develop the 

standards used. Additionally, it will increase the security of the flow thanks to sewn-

in methods of resource authentication. 
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Figure. 5. Product data model flow using GDSN and Traceability. 

Source: Own elaboration 

 

 

5. BLOCKCHAIN TECHNOLOGY 

 

Blockchain technology was first used to control the cash flow of Bitcoin 

payments (Foroglou & Tsilidou, 2014). To understand why this kind of technology is 

considered so important, it is necessary to first explore its secrets. The increased 

demand for transparency in the supply chain is causing increased interest in 

Blockchain technology, which breaks down every movement per block and 

documents transactions every time a shipment changes ownership (Dujak & Sajter, 

2019). Merging blocks together creates a record for the parties involved in the process 
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and provides detailed information related to each traffic to which all parties have 

access. This creates a permanent digital history as products pass through the entire 

modern supply chain from their original source to the final leg of the journey. The aim 

is to produce a single version of the truth, link information, ensure transparency for 

all parties involved in the supply chain and determine how they have participated in 

the movement of goods or services. In addition, the digital story is not owned or 

controlled by any of the trading partners, so it can be accessible to all verified chain 

players. No party may modify, delete or attach any records without the consent of the 

other parties in the network. Data generated using block technology can provide a 

greater chance to analyse information, which is becoming increasingly important in 

today's supply chain. Simply put, a block chain is a common book containing entries 

that cannot be changed or deleted retrospectively. Block chains are inherently 

decentralised, i.e. there is no entity with the power to control what is on the book. 

Optionally, they also include 'smart contracts', which are not contracts in the legal 

sense, but computer programs that enable automated execution of previously agreed 

procedures. An example of a simple 'smart contract' is the validation of content in a 

chain. The principles of the block chain are shown in Figure 6.  

 

Figure 6. Blockchain-scheme for information exchange 

Source: Own elaboration 

 

 

6. SUPPORT BLOCKCHAIN TECHNOLOGY IN THE MONITORING 

PROCESS 

 

One of the key questions posed by the current market situation is whether 

Blockchain technology is able to help solve problems in supply chains and, if so, the 

extent of their functioning. Looking at the issue through the prism that it is nothing 

more than an encrypted digital ledger, shared by many supply chain partners, 

providing lasting transparency and validation of transactions, we can clearly state that 

it is the ideal solution for the global supply chain. With this solution, anyone who has 

access to the network can see what is happening at any given time or follow any 

changes in real time. The reality is that Blockchain reflects a very decentralized and 
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fragmented world binding its data, flows and activities into something that people can 

recognize as a record of the truth. It is accessible to all participants recording all kinds 

of information, secured by cryptographic tools that simultaneously protect the privacy 

of the participants in the chain. 

For example, a company that manages the ripening process of products is linked 

to cold stores, transport companies and ultimately to buyers in order to provide 

optimal fresh products when they are needed. Using Blockchain technology you can 

monitor how the process is approved. It provides the ability to segregate or capture 

data and control its availability in order to confirm the process as defined, from 

sourcing the product from the manufacturer, through tracking the transport, to delivery 

to the consumer. 

Given the transparency of the data, it can be concluded that Blockchain 

technology is used to digitally track and store all product information at all stages of 

the chain: 

 data on agricultural activities, growing conditions, breeding, 

 factory/processing plant, 

 series numbers, 

 expiry dates, 

 temperature and storage conditions, 

 shipment data, etc. 

 

Figure. 7. Blockchain in the food supply chain 

Source: Own elaboration 

 

The key problem solved by Blockchain technology is how we can build a basis 

of consensus for secure information transactions without worrying about sensitive 

data when no node across the network can be trusted. This technology can guarantee 

security by using a mathematical algorithm mechanism (Steiner et al, 2016). Thanks 

to it, all nodes in the system can exchange data in an autonomous and secure way 
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without exposing the entire flow to any interference or misrepresentation in the 

information exchange. This is very important from the point of view of system 

architecture. The essence of the matter is best reflected in Figure 8. 

 

Figure. 8. Exchange of information in food product’s trade. 

 Source: Own elaboration 
 

In this system, governmental organisations and regulators do not have a central 

oversight role over the exchange of information in the supply chain. They are only 

links and have a similar role to all other members. However, they also have their own 

obligations, such as imposing and applying strictly regulated rules of conduct to the 

whole supply chain and checking the authenticity of the information sent by each 

member. If a food safety risk is identified, they can take immediate remedial measures 

to address it. This approach, a decentralised traceability system, is becoming a new 

approach that increases transparency in the supply chain, reinforces the reliability of 

the information, allows real-time traceability of products and thus enhances security 

of supply. 

One very important fact should be highlighted here. To speak of the success of 

the implementation of Blockchain technology, the following questions need to be 

answered as a matter of priority: does it make sense, will its application meet needs 

or will produce the expected results? To sum up the numerous discussions held with 

Blockchain technology experts over the last few years, several important criteria have 

been identified, which are the basis for determining whether it makes sense to use 

Blockchain technology in the planned solution. These are: 

1. Decentralisation of control: Public and syndicated Blockchain networks 

usually regulate themselves, i.e. no organisation or government can control 

which data is added to the book, nor can they have the power to exclude parties 

from participating in an information exchange. The governance framework is 

established from the outset and can only be modified through an agreed 
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procedure. This feature obviously reduces the need for intermediaries, which is 

particularly useful in case of abuse of positions by intermediaries. Therefore, 

Blockchain technology can be used by an industry group to reduce the strength 

of competitors that could jeopardies their business. 

2. Transaction security: Once the information contained in a block is validated, 

the algorithm saves it as the only source of truth on which all participants can 

rely. It is virtually impossible to remove or modify such recorded information. 

Moreover, since data is replicated on many nodes, there is a very solid protection 

against its loss, e.g. through malicious attacks, natural disasters or other actions 

aimed at destabilizing the information flow. 

3. Evidence of event recording: the logic of attaching subsequent transactions 

encoded in individual blocks, which in turn are an integral part of the book, 

ensures that all records made in the event chain can be accessed.  In other words, 

the structure of Blockchain technology has the so-called "fossil record" of all 

transactions recorded in a strictly defined chronological order. 

4. Cost-benefit balance: Many Blockchain solutions offer the possibility to better 

balance costs based on the use of surreptitious currencies and some kind of 

micropayment mechanism. This is primarily about the possibility of sharing 

costs according to the number of transactions generated. For example, a small 

business with only a few transactions should make a much smaller contribution 

compared to a multinational with thousands or millions of transactions. 

However, it should be taken into account that distributed accounting systems are 

usually much more expensive than other data sharing systems (e.g. using 

centralised or combined databases). It is equally important to better distribute 

the overall benefits of additional data exchange. The latter, however, depends to 

a large extent on the system design. For example, if there is little useful data in 

the block chain, or if the parties benefit to a large extent from access restrictions, 

the benefits to e.g. the upstream provider are likely to be negligible in most cases. 

 

None of these four criteria need necessarily be met in order to use Blockchain 

technology. At the same time, it would be best if the objectives, requirements and 

motivations of organisations considering implementing Blockchain technology 

coincide as far as possible with those of the technology. However, it is important to 

remember to make a conscious decision about implementing Blockchain technology, 

primarily based on the business benefit. The second key issue is that Blockchain is 

only a data sharing method based on strictly defined rules and processes operating in 

supply chains, based on communication or identification standards, which are 

implemented, among others, by GS1. The interdependencies of these elements are 

shown in Figure 9. 
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Figure. 9. Exchange of information in food product’s trade. 

Source: Own elaboration 

 

As you can see, business applications are always the flywheel of any data sharing 

infrastructure which, in the interest of interoperability, should make the most of 

standardised data identifiers and attributes. 

 

 

7. PRACTICAL APPLICATIONS OF BLOCKCHAIN TECHNOLOGY 

 

 As the largest exporter of tuna in the world, the Thai Union group in Bangkok 

operates within a number of complex supply chains. First and foremost, it is 

about fighting the fishing industry against illegal fishing and human rights 

violations. The company has implemented a traceability system to monitor 

and manage the exclusion of illegal fish from the supply chain. It was the 

first company in the world to introduce a canned tuna tracking device so that 

consumers can analyse the route of their products from the moment they are 

caught in real time by verifying the species, the catch area, the voyage 

number or the fishing vessel.  

 Cargill announced that in the run-up to Thanksgiving (November 2017), 

consumers were able to track Honeysuckle White turkeys from the family 

farm to the table. Consumers in selected markets can simply text or enter a 

code from the packaging at HoneysuckleWhite.com to access the location of 

the farm, view the history of the family farm, view photos from the farm and 

read the producer message.  

 Belfast's advanced cryptography company, together with Adelphi's Scottish 

Ardnamurchan distillery, has developed a solution for tracing and 
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authenticating the whiskey produced. Each bottle has been labelled and 

certified for authenticity, allowing full control over the supply chain of each 

bottle from production to delivery to the final consumer. 

 In March 2019, US postal operator United Parcel Service (UPS) and e-

commerce company Inxeption jointly launched Zippy Logistics Blockchain. 

It is a B2B solution that allows you to create websites, download product 

information, plan orders and shipments, manage purchases, process 

transactions, track returns, conduct query marketing and analyze sales and 

marketing processes. In addition to the standard features, the system can also 

help you find optimal delivery routes, which are executed automatically. The 

sender has to determine the conditions and cost of delivery, after which the 

system will select the appropriate carriers, the delivery route and make 

financial calculations (all without human intervention). The "optimal" route 

is selected by searching for the shortest and cheapest route. UPS hopes that 

its system will reduce the cost and time of delivery and reduce overall 

industry inefficiencies.  

 One of the world's largest freight forwarders, Kuehne&Nagel, uses 

Blockchain to optimize its Verified Gross Mass (VGM) logistics portal, 

which processes over 800,000 transactions per month. The new technology 

is responsible for the security and stability of information passing through 

the portal, as well as the automation of the transaction flow. The company 

hopes that this solution will reduce costs, speed up and simplify all processes, 

eliminate inconsistencies, and reduce errors and potential fraud. In addition, 

Kuehne&Nagel has carried out pilot tests on consignment note processes. A 

waybill is nothing more than an agreement between the sender and the 

transport company, which defines the latter's responsibility for the safety of 

the cargo during delivery and establishes the conditions for transport and 

delivery of the cargo. In this case the Blockchain technology is used to store 

data from the waybill and to track the related events: cargo transfer, violation 

of delivery conditions, financial calculations, etc. 

 

 

8. SUMMARY 

 

Using Blockchain technology in the food trade we can be sure that there is no 

risk of copying a given food item, e.g. in terms of duplication of sales. Each of the 

characteristics of the product, such as the product's certificate of origin or quality 

certificate cannot be duplicated. Most importantly, there are no gaps in the history, 

location and status of the food product. Instead, the whole process can be seen. Thus, 

if the consumer is certain of a potential health or life threat if a defective product is 

consumed, the seller can instantly see the entire history of the product flow, locating 

the source of the problem and eliminating it from the market. How quickly? This is 

demonstrated by research conducted by Walmart, IBM and Tsinghua University, 

which clearly shows that it took six days, 18 hours and 26 minutes to analyse the entire 

mango supply chain in the traditional way and only 2.2 seconds, based on Blockchain 

technology. According to the survey, more than 45.9% of respondents believe that 
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using Blockchain technology improves supply chain transparency, lowers transaction 

costs (24.3%) and increases trust between supply chain partners (13.5%). An example 

of this is the fact that financial transactions were made in soya exports from Argentina 

to Malaysia, in which HSBC participated. In his view, if all supply chain financing 

transactions in the Asia-Pacific corridor were based on Blockchain technology, the 

time needed for exports could be reduced by up to 44% and costs would be reduced 

by up to 31%. These figures show that the use of Blockchain technology is realistically 

viable in terms of financing financial transactions in modern supply chains. 

As a new technology, Blockchain is still in a phase of change and there are some 

obstacles to its further development. One such barrier is the transactional potential, 

which limits the number of completed transactions to 7 per second. This is due to the 

sheer size limitations of the Blockchain while VISA can handle up to 47000 

transactions per second (Trillo, 2013). What should be emphasized is the fact of 

dynamic development of a given technology, which overcomes particular barriers in 

an extremely effective way, leading to its continuous popularization. Therefore, every 

effort should be made to ensure that this technology has the widest possible 

application in modern supply chains, which is not necessarily possible in many 

countries. For example, in Poland, it is used primarily in the area of banking or 

archiving activities. It should be emphasized at this point that these are only estimates 

as no detailed research has been conducted so far to determine the level of use of 

Blockchain technology by Polish companies. This will contribute to the expansion of 

further activities in the field of research work on the above defined issue.   
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Abstract  

 

To overcome very common problems of the supply chain and transportation 

management such as uncertainty, cost and complexity, smart transportation 

management paired with the Internet of Things (IoT) gives one of the plausible 

solutions for processing lots of data, monitoring products and vehicles. 

This paper is based on the analysis of a usage of IoT in transportation 

management, in terms of increasing delivery productivity and improving supply chain 

performance. The advantages and disadvantages of using embedded Internet 

technology in transportation management to become smart transportation, as well as 

capabilities for IoT network security and energy efficiency, are presented. The 

technical characteristics will be described and compared with technologies used in 

transportation management. Developing smart transportation management enables 

companies to collect and analyse lots of data, hence big data management will be 

discussed in combination with IoT and artificial intelligence (AI), where AI is in 

charge of data preparation in supply chain management and its usage in smart 

transportation management.  

 

Key words: Internet of things, smart transportation management, network security 

and privacy, big data 
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1. INTRODUCTION 

 

Supply chain participants must act in an integrated way to meet modern market 

requirements, in particular the satisfaction of the end customer. Supply chain 

management is a complex process that involves the connection of different partners 

daily, requiring effective communication, cooperation, risk management and 

acceptance of fast changes. Information and communication technologies play a key 

role in increasing supply chain efficiency. 

It provides access to relevant information which are needed for planning and 

performing processes related to the flow of goods, information transfer, financial and 

human resources. That frees business organizations from routine tasks and improves 

communication. Technologies like big data, predictive analytics, IoT, supply chain 

analytics, robotics and autonomous vehicles are being used to help solve modern 

challenges, including supply chain risk and sustainability. That allows technologies to 

reach its common goals: making it easier to gather more detailed supply chain data, 

analyse it and act on it quickly (Rouse, 2019). The connection of different sensors and 

devices, as well as their ability to collect large amounts of data, became exceptionally 

useful in helping companies operate their logistics operations more efficiently, 

concerning to saving money and reducing redundancies.  

According to (Stankovic, 2014; Wortmann & Flüchter, 2015) the IoT connects 

objects to the Internet to exchange information and communicate through the 

information communication protocols.  

Today, a vast number of devices have the possibility to be a part of the IoT, thus 

enabling them to form a complete interconnected system (such as smart houses, smart 

health, smart towns etc.), as presented on Figure 1.  

For the IoT, intelligent learning, fast deployment, best information 

understanding and interpreting, against fraud and malicious attack, and privacy 

protection are essential requirements (Chen et al., 2014). According to (LTXSolution, 

2018) the IoT is the wave of the future with regards to transportation management. 

Analysts predict that 75% of new cars will feature the IoT connectivity and in the 

shipping and logistics sector, connectivity could reach as high as 90% to the end of 

Figure 1. The IoT general concept 

 
Source: authors 
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2020. Guided by the above information and the assumption that the IoT solutions in 

smart transportation management have to be more researched, this paper is based on 

secondary data extracted from books, scientific and professional papers. The methods 

of classification, deduction, analysis and synthesis were used. By using IoT 

application examples, we will point to the contribution of its implementation in 

transportation management. A special emphasis will be paid to the existing 

technologies used for IoT implementation in transportation management, delivery 

productivity and improving supply chain performance. The paper will describe the 

IoT architecture and technical characteristics, keeping in mind the security of 

transportation and logistics, but also it will point out the various possible ideas for IoT 

implementation in transportation management. 

This paper is organized as follows. In Section 2, a general overview of the 

internet of things purpose, its Architecture and its Protocols is presented. Section 3 

provides usage analysis of the internet of things (IoT) in transportation management, 

whereas Section 4 provides the analysis of the IoT in Intelligent transportation 

industry. Section 5 concludes the paper with suggestions for further research. 

 

 

2. THE INTERNET OF THINGS: GENERAL PURPOSE 

 

Developing devices and services in agriculture, industry, household, markets, 

transportation, etc. and their connection to the internet is the main idea of the IoT. The 

IoT is a technology in a global network of connected “things” and used to 

communicate with each other and exchange information through the information 

devices with agreed protocols. The IoT devices depend on the properties of network 

connection - availability, speed, reliability. Because of the main idea of the IoT, that 

provides a comfortable life, and realizes successful outcomes of the work better than 

humans, the number of the IoT devices are increasing daily, as shown on Figure 2. 

According to (Yaqoob et al., 2017) the IoT taxonomy is based on applications, 

enabling technologies, network topologies, IoT platform architecture types, 

architectural requirements and business objectives. 

 

Figure 2. Number of connected IoT devices (in billions) 

 
Source: Authors, based on (Burhan et al., 2018) 
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2.1. General Architecture of the IoT 

 

Because of interconnecting more than billions of objects through the Internet, it 

is needed for a flexible layered architecture. 

In recent literature, various models of the architecture have been proposed. This 

paper shows the IoT technology which includes five main layers which are a more 

applicable model for the IoT applications (Ben-Daya et al., 2019; Manoj Kumar & 

Dash, 2017; Tuwanut & Kraijak, 2016; Al-Fuqaha et al., 2015; Yaqoob et al., 2017): 

1. The Sensors, or Objects Layer, or Perception Layer - represents the 

physical sensors to collect, process and send the information to the monitoring system. 

This layer includes sensors and actuators for data collections such as radio frequency 

identification (RFID), Zigbee, QR code, Infrared, etc.  

2. The Network layer, or Communication layer - is based on secure 

transfers of confidential information from sensor devices to the central information 

processing. Communication is carried out through 3G/4G/5G, UMTS, Wi-Fi, 

WiMAX, RFID, Infrared, Satellite, etc. It depends on the type of sensor devices. 

3. Service, or middleware layer - it is a service-oriented software layer 

that includes service management and has the capability to process the information 

and allows software developers to communicate with various devices.  

4. Application layer - enable interactions between devices with each 

other and to provide smart services to meet customers’ needs. The application layer 

includes applications such as a smart postal, smart car, smart home, smart 

transportation, etc., which can present data, identify problems and suggest solutions. 

5. Business layer - it includes high-level analysis and reports, i.e. it 

handles control mechanisms of accessing data from the application layer. It 

consolidates the overall the IoT services and system activities.  The main aim of this 

layer is to build a business model, graphs, etc., to support decision-making processes 

based on Big Data analysis, compare the outputs with expected output to enhance 

services and maintain users’ privacy. 

Smart transportation of goods or people is based on the five-layer architecture of 

the IoT. 

The IoT elements are to be affiliated and proper usage is: 

1. Identification – it is important to assign the correct name and 

address of the identification of each smart device in the network, because of the ability 

to control and access remote devices. The name of the devices assigned by two 

different base methods of matching the name of the devices are EPC (electronic 

product codes) and uCode (ubiquitous codes) (Al-Fuqaha et al., 2015). Addressing 

smart devices is critical to assign unique smart devices for communication. IPv4, IPv6 

and 6LoWPAN (IPv6 over Low-Power Wireless Personal Area Networks) provide 

unique addresses. Often, IPv6 is used because it uses large address spaces, 128-bit 

number addressing schemes (Burhan et al., 2018). 

2. Sensing - represents the processes of collecting information from 

smart devices sent to the storage media such as data warehouse, database (remote or 

local), or cloud (Burhan et al., 2018; Al-Fuqaha et al., 2015). The gathered data are 

analysed and used for specific actions based on required services (Zhu et al., 2015). 
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The sensors used for these processes are humidity and temperature sensors, wearable 

sensing devices, mobile phones, etc. (Zhu et al., 2015).  

3. Communication - the gathered data are sent to the storage media 

through the communication technologies and protocols: RFID (radio frequency 

identification), NFC (near field communication), WSN (wireless sensor network), 

Wi-Fi, Bluetooth, IEEE 802.15.4, Z-wave, LTE-advanced, UWB (ultra-wide 

bandwidth).  Which technologies are used depends on the communication range of 

devices (Al-Fuqaha et al., 2015; Zhu et al., 2015; Tiwary et al., 2018). 

4. Computation - essential concept of the computational ability of the 

IoT is to remove unnecessary information collected from devices through sensors. 

Various hardware processing units (e.g. microprocessors, microcontrollers, FPGAs), 

hardware platforms (e.g. Arduino, UDOO, FriendlyARM, Intel Galileo, Raspberry PI, 

Gadgeteer), software platforms (RTOS (real-time operating systems), TinyOS, 

LiteOS, RiotOs) for the IoT environments are developed. Additionally, cloud 

platforms are developed for computational parts of the IoT. (Al-Fuqaha et al., 2015; 

Zhu et al., 2015) 

5. Services - application layer requires detailed information from 

sensors layer which gets service layer through the communication layer (Manoj 

Kumar & Dash, 2017). In recent literature different IoT services are categorized under 

four classes (Al-Fuqaha et al., 2015; Burhan et al., 2018): 

a) Identity-related services - identification of objects that have sent the 

request. 

b) Information Aggregation - purpose is to collect the information from 

objects. 

c) Collaborative-Aware - according to collected data makes decisions and 

sends responses to the devices. 

d) Ubiquitous - amenable to provide Collaborative-Aware services to anyone 

immediately without the time and place sternness. 

6. Semantic - facilitate to extract knowledge and get all information to 

make appropriate decisions to provide the required services. Semantic IoT includes 

discovering and using resources, modelling information, recognizing, and analysing 

data. Semantic IoT commonly is based on web technologies: RDF (Resource 

Description Framework), OWL (Web Ontology Language), EXI (efficient XML 

interchange). (Al-Fuqaha et al., 2015; Zhu et al., 2015; Burhan et al., 2018) 

 

2.2. The IoT Protocols 

 

As the IoT aims to connect various objects or things to each other, they are using 

different communication protocols (Rahman & Shah, 2016). The IoT uses a new 

technology called “connectivity for anything”, i.e. connecting anything, anytime, and 

anywhere. The IoT communication protocols can be categorized to Low-Power 

Wireless Area Network (LPWAN), and short-range network (Al-Sarawi et al., 2017; 

Naik, 2018). Various objects, such as sensors and devices with machine-to-machine 

applications, consume low power batteries to allow low-power wireless devices to 

communicate. Such IoT technologies are designed by SigFox and Cellular (Al-Sarawi 

et al., 2017; Rahman & Shah, 2016). The commonly used standard in the IoT 
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communication protocols is 6LoWPAN (IPv6 over Low-Power Wireless Personal 

Area Networks). It is a network protocol, which allows direct connection to the 

Internet and plays a major role in the IoT wireless communication after IPv6. The 

sensor network standards based on IEEE 802.15.4 standard, which works on low 

power, over a short distance and with low data rates is ZigBee. Other representatives 

of the group of short-range network protocols are BLE (Bluetooth smart), RFID, NFC 

and Z-Wave (Al-Sarawi et al., 2017). 

 

 

3. USAGE ANALYSIS OF THE IoT IN TRANSPORTATION MANAGEMENT  

 

According to (Manoj Kumar & Dash, 2017), transportation is facing a lot of 

problems in terms of security, accountability, service reliability, conveniences, issues 

in navigation, the cost for service etc., and they have direct impact on the development 

activity of transportation sector. 

Generally, usage of the IoT application in the transportation sector is very wide: 

• exact monitoring and presentation of information in real-time, 

• resources tracking and traceability used for fulfilling supply chain 

related to activities, 

• increasing the visibility of the functioning of transport and supply 

chain in general, 

• modernization of business processes, 

• regulatory compliance and business transparency, 

• reducing operating costs, increasing the efficiency and 

profitability of the supply chain. 

Tracking in-transit visibility and inventory is how several companies have 

initially deployed IoT logistics technologies. With the IoT logistics technology, it 

becomes possible to know where the goods are in real time. From a visibility 

perspective, using sensors on pallets allows companies to track and trace products 

once they are on trucks heading to their destinations. These sensors collect and send 

location information to dispatchers via cloud-based fleet management systems that 

can be distributed to the companies shipping the goods, as well as to their customers 

(Stankovic, 2014). Knowledge related to delivery can optimize a stock of goods. In 

addition to the delivery time, having an insight into where groups of products are with 

the level of the pallet and the truck load are also helpful information for customers 

when planning their truck unloading time. 

In terms of warehousing and inventory of goods, the selling companies should 

have an obligation to have a real-time insight into their purchaser’s inventory so they 

can take necessary action to quickly deliver the products to the right place. Companies 

utilize radio frequency identification (RFID) and the Global Positioning System 

(GPS) to track assets as they move from point to point. Nowadays, not only they just 

put RFID chips in pallets, but they also use various integrated IoT logistics devices. 

It enables them to share data about environmental factors, such as weather 

information. Also, if sensitive items are transported, different sensors can help by 

warning if the conditions are inadequate for transport. For example, it is possible to 

measure the conditions inside the truck, such as the temperature, humidity, light 
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conditions, etc. Hence, potential problems could be predicted on the time what 

minimizes possible damage. This is especially important for food distribution. 

Additionally, by using the IoT, other important information can be provided to the 

companies, such as when a product is to be shipped and how long it will take to get to 

the retailer. The collected information may indicate how fresh the product is, and if it 

ever was exposed to unacceptable conditions for that food product. 

As well, the IoT enables companies an insight into what is happening with their 

vehicles. A connected vehicle can alert a dispatcher if it has been idling in one place 

for too long, which could mean it has broken down or that someone is tampering with 

it or its contents. Generally, intelligent transportation implies traffic state notification 

and perception, traffic control and guidance, vehicle scheduling and positioning, 

remote vehicle service and monitoring and also road and vehicle coordination. It is 

used equally in the transport of people and goods. So, the related installation of the 

IoT infrastructures are fundamental support for quality usage of that kind of 

technologies. 

According to (Anand et al., 2015), the integration of sensors and communication 

technologies provides a way for us to track the changing status of an object through 

the Internet. The IoT is our present and future in which a variety of physical objects 

and devices around us, such as various sensors, RFID tags, GPS devices, and mobile 

devices are associated to the Internet and allows these objects and devices to connect, 

cooperate, and communicate within social, environmental, and user contexts to reach 

common goals. The summary of the capabilities of the IoT applications according to 

transportation management, considering the guidance and navigation control systems 

of the vehicles (road transport, air transport, water transport) is given by Table 1. 

 

Table 16. Capabilities of the IoT applications according transportation management 

Location 

sensing and 

sharing 

location 

information 

● Mobile asset tracking: track and monitor the status of commodity 

using the position-sensing device and communication function 

installed on the commodity.  

● Fleet management: can schedule the vehicles and drivers based 

on the business requirements and the real-time position 

information collected by the vehicles. 

● Traffic information system: can get traffic information such as 

road traffic conditions and congested locations by tracking the 

location information of a large number of vehicles by assisting the 

driver to choose the most efficient route. 

● Monitoring the fuel range of the vehicle and nearest fuel station 

based on the fuel price and proximity. This system creates a fuel 

station map from which the user can have better decisions to 

choose the nearest one without wasting much time for searching it. 

Environment 

sensing 
● Environment detection: the IoT systems offer environmental and 

ecological monitoring. 

● Remote medical monitoring: the IoT can analyse the recurring 

indicator data collected from the device placed on drivers’ body. It 

is especially important for indicating driver illness and it can 

provide the users health advice if it is necessary. 
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Remote 

Controlling 
● Appliance control: remotely controlling operating status of 

appliances through the IoT system.  

● Disaster recovery: users can remotely start disasters treatment 

facilities to minimize losses caused by disasters according to the 

monitoring mentioned before. 

Ad Hoc 

Networking 
● Self-organized networking and the possibility of interoperating 

with the network/service layer to provide related services. 

(for example, in the vehicle network, in order to transfer the data, the 

network between vehicles and/or road infrastructures can be 

rapidly self-organized) 

● It helps in managing the imports and exports of materials and 

goods and it also offers a live and integrative services for 

monitoring the delivery status indicating the location using 

geographic information system (GIS) mapping. 

Secure 
Communication 

● The IoT system can establish secure data transmission channel 

between the application or service platform and IoT terminals 

based on service requirements. 

● The IoT can help run internal diagnostics on trucks to alert to 

maintenance issues much earlier than the truck itself can even 

know. This allows for a safer drive while also increasing the 

lifetime value of the vehicle. 

● Self-driving trucks can react to incidents much faster than a human 

can, and they are even able to predict (and avoid) potential 

accidents before they occur. 
Source: authors, based on (Chen et al., 2014; Manoj Kumar & Dash, 2017; Weis et al., 2017; 

LTXSolution, 2018)  
 

According to the facts presented in the table above, it can be noticed that the 

IoT implementation in transport has achieved a significant intellectualization of the 

supply chain. It is especially worth mentioning its enabled visualization using smart 

devices and technologies such as computers, chips and sensors, and all supported by 

the Internet. Communication and the creation of trust among suppliers and 

consumers are becoming easier. The possibility of rapid innovation and advanced 

decision-making processes are the aspects affected by IoT in all segments of 

economic activities, including the transportation of goods. 

 

 

4. THE IoT IN INTELLIGENT TRANSPORTATION INDUSTRY  

 

The Intelligent transportation industry has been recognized as one of the 

industries with the greatest potential to achieve success by utilizing the 

industrialization of the IoT in the practice. The industrialization of the IoT will 

vigorously promote the great development of the intelligent transportation industry 

(ITI) in China (Chen et al., 2014). Artificial intelligence (AI) is important in the IoT 

in ITS, helping the connected “thing”, which could be a vehicle or inventory system, 

make smarter decisions. Many efforts have been done in scope of smart cities, where 
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emerging technologies, such as blockchain technology and artificial intelligence, has 

many complimentary characteristics such as trust free, automation, decentralization, 

democracy and security (Singh et al., 2020). 

The possible system architecture should be created considering the sensing, 

monitoring and displaying systems. As the Internet is crucial for the IoT systems, all 

leans to it when thinking of system architecture. Multiple sensors connected in this 

system produce raw data, which will be stored in a central database as shown in Figure 

3. 

This raw information flow is constant, creating a big amount of data that should 

be carefully monitored, analysed, and then used as meaningful context with 

appropriate semantics. Nevertheless, this system should have a security protection 

protocol with proposed actions that are taken automatically by the system. The goal 

is that the end user is able to receive all relevant information in user friendly graphical 

user interface (GUI) but also to ensure object to object communication. 

Sensors network is a group of small electronic devices located in the vehicle with 

the main purpose to collect data about various information in ITS, such as information 

about the vehicle, the goods that are transferred in the vehicle, microclimate etc. 

Sensors, actuators, and controllers (also called Sentrollers) are installed inside truck 

storage, to monitor the quality of goods transferred ensuring that the ambience 

conditions are always optimal. In crucial situations, like if the cooler truck 

Figure 3. System Architecture 

 

 
Source: Authors, based on (Bojan et al., 2014)  
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temperature is above normal, the driver should be informed to stop the vehicle and 

inspect the cooler truck, where sensors and controllers communicate directly, 

overriding cloud storage. 
As all information gathered by sentrollers are to be transferred elsewhere, 

communication between all devices is very important. Information about the cargo 

can be transferred to a central server over various wireless networks, like 3G/4G, 

while information about vehicle location can also combine different communication 

technologies, such as satellite network and wireless network. 
The goal is to provide real-time and on-demand services to customers; therefore, 

security should also be kept in mind when constructing such an environment. A low 

security level of vehicular data clouds is unacceptable due to transportation safety and 

possible malicious attacks. Interconnected IoT devices have fewer storage capabilities 

and lower computing power, due to which they become an ideal target for hackers. 

The integration of the IoT and Blockchain technologies improves transportation and 

logistics by providing several benefits, including smart pay, better fault tolerance, 

real-time information sharing, privacy, and security. According to literature 

(Humayun et al., 2020), they propose a layered framework BCTLF (BlockChain for 

smart Transportation and Logistic Framework) that integrates IoT and Blockchain in 

transportation and logistics to make it efficient and resilient against several security 

attacks.  

Real case scenario could be that roadside attackers may send false information 

where the driver needs to stop the vehicle and inspect the goods, where his life could 

also be in danger. Nevertheless, many drivers are not satisfied with the possibility 

their vehicle locations can be tracked or monitored due to the worries about their 

privacy. So, security authentication in technology terms must be ensured as well as 

efforts in law and firm regulations for vehicular data clouds. 
As all data collected by sentrollers interflows in databases located in the cloud, 

so effective operations on big data must be incorporated, i.e. AI and machine learning 

(ML) could give us “smart” data, semantically connected with the ability to predict 

issues that could cause irreversible damage. Data clouds contain a variety of 

heterogeneous data and information resources, but to ensure right semantics, data 

mining service must be developed to quickly detect important information. Dangerous 

road situations, problems with the cargo or vehicle itself must be promptly detected 

and early warning messages should be issued to assist drivers to make informed 

decisions to prevent accidents. The core of any data mining service is the data mining 

models (Anand et al., 2015). In (Anand et al., 2015) they propose using the two 

modified data mining models (Naive Bayes Classifier and Logistic Regression 

Classifier) to cluster and classify the real car warranty and maintenance data, which 

they collected from a local automobile company. 
Information Processing System (IPS) is the “brain” of the system. It converts 

the raw data, collected by the sensors, into context data, so meaningful information 

is extracted with appropriate semantics. In above mentioned crucial situations, IPS 

has the functionality to trigger some events automatically inside the cargo 

compartment and provide information to the truck driver. 

 

 



20th international scientific conference Business Logistics in Modern Management 
October 7-9, 2020 - Osijek, Croatia 

 

 

341 

   

5. CONCLUSION 

 

Integrating the IoT technology in transportation system gives many benefits: 

optimizing distance to be travelled by the vehicles, avoiding traffic or stalling implies 

reducing the fuel consumptions. It is important to save the environment and make 

better profits. Optimizing or diverting the routes is also important in dangerous 

conditions. Operating and providing services based on the demands with the 

assistance of centrally controlled network. It improves the quality of life of drivers 

because they do not have to deal with the paperwork, and they can spend fewer hours 

on the road getting to their destinations. Improving public safety through the control 

of traffic based on the vehicle count. The flow of material, goods and people can be 

effectively monitored. Provides higher profits for companies, especially for logistics 

and transport are the main business by increasing delivery productivity and improving 

supply chain performance. It increases the transparency of the transportation process, 

which consumers appreciate.  

Internet security, which concerns every networked environment, is a major issue 

for the IoT. Indeed, both it is the IoT side and cloud side are vulnerable to a number 

of attacks. In the IoT context, encryption can ensure data confidentiality and integrity. 

A study which is done in this paper about the IoT usage in transportation 

management can help for further research about opportunities and benefits that it 

could give and make transportation more effective, productive, and profitable. For 

supporting the enormous number of smart devices expected in the future, the key 

requirements are developing IoT architectures. The possible future directions of 

research are resource control, energy awareness, quality of service, interface 

management and security. As data is distributed through the information-

communication technology, possible future research in this field would engage in 

numerous data security of the transportation system.  
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Abstract 

 

Constantly changing market needs and the concentration of the entire supply 

chain on the level of customer service force both in the business and scientific world 

to seek modern solutions to improve logistics processes. This trend is leading to the 

transformation of current solutions into intelligent supply chains. The use of modern 

technologies is aimed at improving logistic processes at the operational level, by 

shortening the time of execution, minimizing bottlenecks and errors resulting from 

faulty information flow. With the above aspects in mind, the authors of this article 

have analysed in depth the structural differences distinguishing logistics 4.0 from the 

latest technological solutions. Concrete examples show toolkits and actions that 

optimise logistics processes in an enterprise, supported by intelligent cyber-physical 

systems providing relevant information, based on full cooperation of the Internet of 

Things (IoT), to achieve a significant degree of automation. Particular attention has 

also been paid to the immeasurably important aspect that the human element 

invariably remains. The basic business requirement is that the systems should be 

autonomous, people should not be forgotten because they have to plan and take action 

that cannot or should not be automated. However, in order to meet the requirements 

and decentralisation, an automated, intelligent and increasingly autonomous flow of 

assets, goods, materials and information between a point in the logistics ecosystem is 

crucial. 

 

Keywords: Logistics 4.0, supply chain, digitalization, IoT, real time 
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1. INTRODUCTION 

 

In today's world, with the advent of digitization, this is the beginning of the 

fourth industrial revolution in the transition to cyber-physical systems that combine 

machines, processes and products into intelligent business solutions and self-

controllable ‘Smart Networks and Supply Chains’. As part of the latter, cooperating 

Smart Factories, exchange information in intelligent supply chains, in an automated 

manner, with partners, suppliers and distribution and service networks. These 

processes have an end-to-end dimension and cover the entire life cycle of the product. 

Such components make up the concept of Industry 4.0 as a paradigm partly defined 

by the use of devices in machine-to-machine communication (internet of things - IoT) 

to create factories that act as intelligent production systems: a range of devices and 

machines are adapted to constant communication in order to create a coherent, visible 

system. In an ideal world, the end result is the discovery of areas of inefficiency, more 

accurate optimization of some decisions and automation of some simple (or not so 

simple) processes. Logistics 4.0 works on the same principles, but with a different set 

of components. In particular, it uses intelligent transport systems that offer supply 

chain managers, freight forwarders and other partners the necessary knowledge for 

optimal management of goods flows. 

 

 

2. DEFINITION OF LOGISTICS 4.0 
 

The aspects related to the attempts to define Logistics 4.0 are not entirely clear 

and transparent. They mainly focus on the analysis of systems managing large data 

flows and integration and on decentralized information management systems 

(Dussmann  Group,  2016; Strandhagen et al. 2017; Wang; 2016; Wrobel-Lachowska, 

2018). Therefore, the definition of Logistics 4.0 includes two aspects: process - supply 

chain processes; and technological - tools and technologies supporting internal 

processes in supply chains (Szymanska et al, 2017). The functional scope of 

technological aspects is included in the IT area, which generates many possibilities of 

flow optimization. These include: increasing reliability and predictability and thus 

minimizing risk, reducing transport costs, increasing the ability to innovate, increased 

agility and flexibility, e.g. for new market requirements (www.i-scoop.eu).  The 

process aspect, on the other hand, is strictly dependent on the type and functionality 

of the technology used within the supply chain. Very often, it is the technology used 

that forces a change in processes, providing the basis for the construction of entire 

goods exchange systems. Here it is also faced with the definition of the so-called 

intelligent logistics, assuming that a certain level of technological development is 

temporary (Barreto, 2017; Heistermann, 2018). This concept is closely related to the 

concept of Intelligent Products, i.e. those that are capable of collecting, storing and 

sharing relevant data, while the idea of Intelligent Services is based on providing 

modern methods of measuring and analyzing information (Galindo, 2016; Szymanska 

et al, 2017). As it can be seen, these definitions include scientific aspects directed 

primarily at research and development areas. A slightly different definition of 

Logistics 4.0 in operational terms is defined, which can be clearly seen in published 
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reports of research centers and logistics companies (Bubner, 2014; DHL, 2018; 

Fraunhoffer, 2014). Based on this statement, Logistics 4.0 covers a wide range of 

activities in the supply chain, based on modern technological solutions, fully 

encrypted, enabling decision-makers to make quick and accurate decisions in each of 

its nodes. Logistics 4.0 changes the way raw materials, semi-finished or finished 

products are stored and transported to the distribution point and then to the final 

consumer. It is worth emphasizing here that the desired goal of every enterprise is to 

have an integrated system, enabling the handling of all processes, providing necessary 

information and analysis, by as few users as possible. The following examples can be 

used as elements of such solutions: 

 warehouses using advanced automation functions, including the use of 

autonomous robots, drones and material handling systems, which are 

supervised by advanced control systems, 

 the concept of autonomous trucks or the use of platooning can improve fuel 

efficiency,  

 the use of various sensors to obtain the necessary information in real time 

for optimal fleet management, 

 the use of emerging technologies, such as blockchain, to implement smart 

contracts, authenticate the origin of goods, digitize trade flows and enable 

full traceability of shipments. 

 

 

3. LOGISTICS 4.0 CHARACTERISTICS 

 

When defining 4.0 logistics, this concept is very often linked directly to industry 

4.0, the concept of the fourth industrial revolution, based on communication between 

machines operating in an autonomous functional area. This is most often due to one 

reason, namely the lack of historical experience and conditions in the field of logistics, 

perhaps because the new logistics paradigm is considered a fundamental development 

of industry 4.0. Whether this is the case or not, it becomes clear that with the advent 

of new times in logistics they have a huge impact on the changes in the functioning of 

the whole economy. At this point it is necessary to consider what really distinguishes 

Logistics 4.0, does it have separate elements that allow for its separate definition, 

while maintaining full correlation with Industry 4.0? The answer can only sound 

affirmative. The four most important ones are specified below: 

 adapting IoT solutions for logistics processes where the mobility of goods or 

packaging is an issue and identifying them at every location in the supply 

chain. Solutions used in this aspect differ from the functionalities used in 

modern factories, where the communication infrastructure is strictly defined. 

In the case of logistic solutions, a great emphasis should be placed on 

communication and integration systems. Proper functioning of devices in a 

dispersed environment absolutely requires fast communication networks and 

mobile solutions such as for example 5G network solutions, 

 creating integration platforms, including those used in Industry 4.0, thereby 

creating a functional ecosystem based on full cooperation between 

manufacturers, freight forwarders, carriers or logistics operators. This is one 
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of the most important elements in terms of communication and access to 

necessary information. If there is a lack of access to information about the 

production processes of customers served to understand how their schedules 

overlap with transport planning, disruptions throughout the supply chain will 

inevitably escalate,  

 real-time activities carried out in processes throughout the logistical 

ecosystem with full analytical capabilities. The absence of such solutions 

makes it difficult to predict the results of decisions taken, which means that 

disruptions (in the form of unexpected events) can have a significant impact 

on the modification of the implemented plans. One of the solutions to 

eliminate such problems is to use tools from the area of forecasting analyses. 

Using existing operational data in advanced analytical processes, it is 

possible to create forecasts that take into account market volatility and 

develop plans that reflect consumer expectations. This reduces the 

probability of occurrence of unexpected events (although of course it does 

not eliminate them completely), which in total translates into fewer 

disturbances, 

 the use of intelligent technologies, operating throughout the supply chain, 

transforming traditional flows into new possibilities for collecting and 

processing large amounts of location information or changing physical 

parameters. These solutions are more often associated with industrial and 

manufacturing processes (as they form the basis of a modern "smart 

factory"), but are equally important for the development of intelligent 

logistics management. Among other things, they can create an environment 

in which all shipments can be monitored in real time and, in case of any 

disturbances, be they physical parameters or delivery times, appropriate 

corrective actions can be implemented. 

Such solutions are one of the key aspects of building intelligent value streams, 

as a basis for increasing efficiency and complexity of logistics compared to previous 

solutions. This is about aspects or concepts of so-called "anticipatory logistics" with 

the ability to predict future events, thus preventing bottlenecks in logistics or 

production processes. This state of affairs will enable planners (and even autonomous 

machine processes) to adapt production schedules to future changes in demand. As 

the pre-logistics become a reality, the global value chain will become more complex, 

based on advanced predictive algorithms and the integration of more and more 

interlinked elements, while at the same time being much leaner, offering a more 

adaptive, agile environment in which lead times are significantly reduced and 

shortages, excesses and disruptions of all kinds are becoming less frequent - Figure 1. 
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Figure 1. Logistics 4.0 characteristics 

 
Source: own study 

 

Due to this nature of links, the main challenge is to integrate cyberspace with 

physical objects equipped with sensory systems. The realization of such a challenge 

requires the integration of business and technological competences in order to 

effectively support national business ventures, and in particular the use of solutions 

enabling the structural use of integration platforms combining IT solutions of multiple 

enterprises. 

 

 

4. ADAPTATION OF IoT SOLUTIONS FOR LOGISTICS PROCESSES - 

INTELLIGENT LOADING UNITS 

 

4.1. Definition of the issue 

 

The Internet of Things (IoT) is an idea in which every computer device, machine, 

building, animal, and human being has unique identifiers and has the ability to collect 

and then transfer data between them through the Internet. The concept of the Internet 

of Things was first mentioned in 1999, when Kevin Ashton presented it with the whole 

concept. Based on this concept, and in particular based on logistics aspects, it can be 

conclude that intelligent devices can offer support for warehouse management, order 

handling, supply chain management and distribution. In the case of tracking 

shipments, only IoT solutions, which replace phased scans (loading, subsequent points 

of travel), will help to determine the exact location of the goods during the order. This 

is made possible by wireless connectivity via cellular networks, Wi-Fi and Bluetooth 
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technology, which enable the exchange of information between readers, scanners and 

computers. As a result, the percentage of shipments delivered the first time increases. 

The ability to monitor the status of the delivery in real time not only allows you to 

react to emergencies, but also allows for previously unavailable activities - such as 

automatic temperature control when transporting human organs, live animals or food.  

The development of information and communication technologies has led to 

innovations in data capture technologies such as RFID and information processing 

systems such as EPCIS (Electronic Product Code Information Services), BI (Business 

Intelligence) and more advanced ERP systems. RFID and related information systems 

provide access to a large amount of real-time information about material flows and 

events in the supply chain. As today's RFID tags become better and cheaper and EPC 

standards evolve, new opportunities are available to use the information acquired 

through RFID to plan and control operations in the supply chain in real time. For 

supply chain control activities, this may mean a paradigm shift towards real-time 

control and decision making, filling the time gap between the occurrence of events 

and their corrective actions.  

A real revolution in identification has been introduced by the use of beacons, 

which emit a constant radio signal thanks to an energy-saving Bluetooth Low Energy 

solution. Readable devices (e.g. smartphones) then process these data to determine, 

among other things, the ID, purpose and exact location of the goods bearing the 

beacon. This simple device has an infinite number of applications - it can, for example, 

show the user a place at a mass event or activate when the customer enters the store 

with the phone and, based on the customer's shopping history, recommend the right 

products and provide the seller with the necessary information about the habits of 

buyers. In logistics, beacons can help, among other things, with marking of goods and 

inventory - in this case, the products will report themselves when the appropriate 

computer is within reach. This technology is already used to track and locate 

transported goods. 

 

4.2. Examples of applications - warehouses 
 

Warehouses have always served as an important node in the flow of goods within 

the supply chain. However, in the current economic climate, they also serve as a key 

source of competitive advantage for logistics service providers, who can manage them 

quickly, cost-effectively and increasingly flexibly. This is not an easy challenge. With 

thousands of different types and forms of goods currently stored in an average 

warehouse, every square meter of warehouse space must be optimally used to ensure 

the fastest possible receipt, processing and delivery of specific goods. The result is a 

fast, technology-based environment that is ideal for IoT applications. From pallets and 

forklift trucks to the building infrastructure itself, modern warehouses contain many 

assets that can be combined and optimized through IoT.  In the warehouse, the 

widespread option of marking pallets or products with low-cost miniature 

identification devices such as RFID paves the way for intelligent warehouse 

management. Among other things, in the goods receipt process, wireless readers 

capture data transmitted from each pallet, which can include product information such 

as volume and dimensions, which in turn can be aggregated and sent to the WMS for 
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further use. This capability eliminates time-consuming manual pallet counting and 

scanning tasks. The cameras attached to the gates can also be used for damage 

detection. Once the pallets have been moved to the right place, the tags send signals 

to the WMS to provide real-time insight into inventory levels, thus preventing costly 

re-verification situations. If any stock item has not been loaded, sensors can alert the 

warehouse manager, who can track the exact location of the item for corrective action. 

With regard to the quality of the accepted assortment, the sensors monitor its condition 

and in case e.g. temperature or humidity reaches a critical level, they immediately 

inform the warehouse staff about it. This enables immediate corrective action to be 

taken, thus eliminating the possibility of losses. During the dispensing process, pallets 

are scanned through the shipping gate to ensure that the correct assortment has been 

loaded. Stock levels are then automatically updated in the WMS.  

In addition to the goods stored in the warehouse, IoT also ensures optimal use of 

resources. By linking machines and vehicles to the central system, IoT enables 

warehouse managers to monitor all resources in real time. Managers can be notified 

when assets are over-utilized or when unused assets should be used for other tasks. 

For example, different sensors can be used to monitor warehouse equipment, 

determining its state of use. Data analysis determines the optimal performance and 

tasks for these assets. One such innovative solution is Swisslog's "SmartLIFT" 

technology. This solution combines both forklift sensors with directional barcodes 

placed on the warehouse ceiling as well as data from WMS to create a specific, 

internal GPS system. The system provides the forklift driver with the ability to 

determine the optimal route to a strictly defined storage location. It also provides 

information for managers on the speed, location and productivity of resources in real 

time. Thanks to this solution, Bobcast has recorded a 30% increase in the number of 

pallets transported per working hour, without making any mistakes in identifying the 

goods.  

The combined devices, equipped with appropriate sensors, also enable the use 

of so-called predictive maintenance, e.g. storage transport systems. For example, 

sensors can be placed on a sorting machine to detect the level of physical stress by 

measuring the throughput or temperature of the machine. All these data are collected 

and combined for the purpose of predictive maintenance analysis, the timing of which 

can be planned ahead of time and the expected life of the machine at its current level 

of use calculated. Any anomaly is signaled to staff so that it can be eliminated before 

causing serious damage. 

 

 

5. CREATING INTEGRATION PLATFORMS 

 

5.1. Definition of the issue 

 

The concept of integration platforms refers to one of the most important aspects 

of logistics, which is to obtain precise information within a specific time period 

necessary to make the right decision. This becomes very important at a time when 

huge amounts of information are exchanged between companies, based on different 

data transfer channels. Very often important data are either lost, in the chain of 
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information exchange, or misrepresented or arrive with a long delay. In order to 

overcome these problems and to create effective information exchange chains, the 

following elements should be the main focus: 

 create common platforms for data exchange based on communication 

standards, 

 their architectural structures are based on a well-defined, clear model, 

 use standard links to integrate systems as access points. 

 use simulation platforms to control logistic processes. 

The essential thing in this whole concept is to minimize the activities that need 

to be done to transmit the necessary information, or the clarity and uniformity of the 

processes taking place in a given ecosystem. One of the pillars of such a solution is 

the application of the integration platform concept. It allows the parties involved in 

trading in goods to provide standardized information and documents in one place in 

order to meet all formal and legal requirements.  It is worth noting that this concept is 

recognized and promoted by several global organizations dealing with trade 

facilitation. These include the United Nations Economic Commission for Europe 

(UNECE) and its Centre for Trade Facilitation and Electronic Business 

(UN/CEFACT), the World Customs Organization (WCO), the United Nations 

Network of Paperless Trade and Transport Experts in Asia and the Pacific - UNNExT 

(Ahn, 2010), SITPRO Limited in the United Kingdom and the Association of 

Southeast Asian Nations (ASEAN). 

The basic value of a given solution for individual ecosystem stakeholders is to 

increase the efficiency of handling the procedures of trade in goods, which are 

customs clearance or obtaining various permits, by shortening the time of their 

implementation and reducing service costs. Therefore, the implementation of the 

solution makes it possible to introduce information into a given ecosystem at one time 

without the need to duplicate this activity many times in different parts of the decision-

making chain. 

 

5.2. Examples of applications 

 

An example is the innovative approach to customs clearance processes, which 

has been implemented in Portugal, based on the creation of a national one-stop-shop 

system, enabling traders to transmit all information on import, export and transit 

through a single electronic gateway. The logic of this approach is clear and obvious, 

but its implementation must take into account the complexity and specificity of the 

whole solution.  Such an approach can be seen primarily in the IT systems operating 

in some European ports. An example of a solution can be the structure created in the 

WiderMos project (widermos, 2020), and implemented in Portuguese ports, called 

LSW (Logistics Single Window). The processes implemented in a defined ecosystem 

integrate a number of services, solutions and applications to a common ecosystem of 

logistics, reservation, planning and management. All process stakeholders were 

keenly interested in creating such a project and using it in their daily work. This group 

included shippers, container terminal operators, multimodal operators, road operators, 

rail operators and air transport operators. 
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The main objectives of the LSW were: 

 promoting interoperability solutions for the TSL industry in Portugal, 

 optimization of connections and synchronization of information flow, 

 application of standards both in the construction of the solution as well as 

in the exchange of messages occurring in the process of information 

relocation. 

The development of a given solution took into account, among other things, the 

need to rely on an open and interdisciplinary structure that can contribute to more 

architecturally complex ecosystems for the exchange of information, an example of 

which is Port Community System (www.epcsa.eu). LSW was created based on the 

results of many different European projects in the field of logistics interoperability, 

including e-Freight (e-Impact) and e-Delivery (CEF Digital Connecting Europe). 

Thanks to the applied solutions, the project was ranked at the level of one of the most 

modern IT solutions implemented on a European scale. 

 

 

6. REAL-TIME ACTIVITIES 

 

6.1. Definition of the issue 

 

Nowadays, planning and control is often carried out on the basis of previous 

demand and event information such as past sales and budgets in combination with 

control concepts such as MRP and MRPII. This leads to a time gap between sudden 

events and corrective actions. In this way, this 'delayed' planning and control 

environment has significant potential for improvement depending on the speed of 

response, inventory turnover and lead time. In addition, inefficient information 

exchange and lack of visibility in the supply chain can lead to poor quality forecasts 

and additional adjustment and operational control loops. The consequence is that 

control and decision making is based on a basis that may be information from a few 

weeks ago, rather than on the current real time situation.  Therefore, the aspect of 

managing information in a precise, quick and efficient way becomes extremely 

important. Below are a few phrases of a given issue used by logistics practitioners: 

 real-time information means that relevant data, for decision making, is 

available without delay,  

 real-time action means that decisions on actions to be carried out can be 

communicated without delay in time.  

 real-time simulation means that different alternative scenarios can be 

simulated in real time. 

 real-time supply chain planning is the process of thinking and organizing 

activities to get the right product, on time, in quality, in the right place and 

at the lowest cost to meet customer requirements. 

 real-time supply chain identification is the process of organizing all activities 

around collecting data without time delay, analyzing it and making real-time 
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decisions based on facts. By instantly detecting and detecting changes in 

demand, supply and business conditions while using advanced analysis, true 

integration between planning and execution is achieved. 

 

6.2. Examples of applications 

 

An example of real-time supply chain planning is the development of brokerage 

platforms for digital freight services. According to GUS data, 21% of all transports 

are empty runs. On the other hand, loaded vehicles often do not use the entire cargo 

space. Utilizing the global scale of smartphone users, freight broker platforms enable 

real-time data flow and communication between all participants in the transport 

processes, thus ensuring that orders are efficiently matched to available capacity. 

Benefits include real-time communication, GPS tracking of shipments, secure 

payment and documentation handling via a mobile application.  One such example is 

the freight brokerage platform launched by Amazon, based on Freight Waves. The 

online service, which is currently in beta in Connecticut, Maryland, New Jersey, New 

York and Pennsylvania, allows shippers to instantly quote and match the freight 

service. Amazon does not provide the capacity of its own vehicles within the platform, 

but rather mediates access to transport partners within its network. The company has 

long had the infrastructure to mediate in the flow of these goods without significant 

investment. This enables it to offer significantly lower costs than its competitors. 

According to Freight Waves analysis, Amazon services are offered at prices between 

26% and 33% lower than market prices.  

Another very important aspect of real-time identification is wireless 

communication, which is becoming increasingly important in Intelligent Transport 

Systems (ITS). From 2022, all newly sold vehicles will be connected to the internet. 

However, the limitations of current network standards (3G and 4G) do not allow full 

integration of the entire transport system. Although specific solutions related to 5G 

technology are still under investigation, it is already clear that the future network will 

not only have to offer much higher data transfer rates, but will also have to support 

multiple, simultaneously connected devices (up to one million devices per km2), offer 

total reliability and minimum delays. In addition, these objectives must be met with 

similar cost and energy consumption levels to those of the standards currently in use. 

However, the biggest advantage offered by 5G is the possibility to use multiple 

communication channels and access points within one session (including the 

possibility to connect between devices without access to the central infrastructure), 

which will increase flexibility of connections and services offered. It works well in 

the Vehicle-to-X (V2X) concept, where X can be other cars, buildings, traffic lights 

and even pedestrians, referring to the Intelligent Transport System, where all vehicles 

and transport infrastructure are interconnected. This connectivity allows for much 

more precise monitoring of the entire transport network, which ultimately leads to: 

 optimize traffic flow and reduce congestion on the roads through 

communication between vehicles and the transport infrastructure (Vehicle to 

Infrastructure V2I), 

 improving road safety (Vehicle to Vehicle V2V, Vehicle to Pedestrian V2P), 
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 less pollution, 

 automation of transport systems (Vehicle to Network V2N), 

 implementation of autonomous vehicles (Vehicle to X V2X). 

 

Also using short-range radio technology, vehicles capable of V2X 

communication transmit information such as vehicle speed and direction of travel to 

each other, for example to avoid collisions. The radio technology behind V2X is called 

Dedicated Short Range Communication (DSRC), designed specifically for car-to-

vehicle communication. DSRC is based on the Wi-Fi 802.11 standard, but is 

optimized for very low latency and ad-hoc connections, allowing cars to communicate 

at high speed while travelling. With V2X communication, cars have a much better, 

more precise picture of the speed and position of the vehicles in the environment, even 

outside the driver's line of sight. Information about surrounding road conditions can 

be collected in a variety of circumstances, such as poor visibility at night or dense fog, 

which would be impossible to measure using vision technology. For a long time, the 

main obstacle to the development of this technology has been the problem of too few 

vehicles using it. V2X is more effective the more vehicles use it. Fortunately, thanks 

to the Cadillac CTS 2017 and the Mercedes E-Class 2017 with V2X communication 

to help prevent accidents, this solution has come to market. With the advent of more 

and more DSRC chips on the market, this nascent, potentially life-saving technology 

may soon become widespread. 

 

 

7. REAL-TIME ACTIVITIES 

 

7.1. Definition of the issue 

 

For the first time, Blockchain technology was used to control the cash flow of 

Bitcoin payments (Foroglou, 2014). To understand why this kind of technology is 

considered so important, it is necessary to first explore its secrets. The increased 

demand for transparency in the supply chain is causing increased interest in 

Blockchain technology, which breaks down every movement per block and 

documents transactions every time a shipment changes ownership (Dujak, Sajter, 

2019). Merging blocks together creates a record for the parties involved in the process 

and provides detailed information related to each traffic to which all parties have 

access. This creates a permanent, digital history as products pass through the entire 

supply chain from the original source to the final stage of the journey. The aim is to 

produce a single version of the truth, link information, ensure transparency for all 

parties involved in the supply chain and determine how they have participated in the 

movement of goods or services. In addition, the digital story is not owned or controlled 

by any of the trading partners, so it can be accessible to all verified chain players. No 

party may modify, delete or attach any records without the consent of the other parties 

in the network. Data generated using block technology can provide a greater chance 

to analyze information, which is becoming increasingly important in today's supply 

chain. This is best reflected in Figure 2. 
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Figure 2. Information exchange in the food trade 

 
Source: own study 

 

The key problem solved by Blockchain technology is how it can build a basis of 

consensus for secure information transactions without worrying about sensitive data 

when no node across the network can be trusted. This technology can guarantee 

security by using a mathematical algorithm mechanism (Steiner et al, 2016). Thanks 

to it, all nodes in the system can exchange data in an autonomous and secure manner, 

without exposing the entire flow to any interference or misrepresentation in the 

information exchange. 

One of the key questions in the current market situation is: is Blockchain 

technology able to help solve problems in supply chains and if so, to what extent does 

it work? Looking at the issue from the perspective that it is nothing more than an 

encrypted digital ledger, shared by many supply chain partners, providing sustainable 

transparency and validation of transactions, it can clearly state that it is the ideal 

solution for a global supply chain. It allows anyone who has access to the network to 

see what is happening at any given time or to follow any changes in real time. The 

reality is that Blockchain reflects a very decentralized and fragmented world binding 

its data, flows and activities into something that people can recognize as a record of 

the truth. It is accessible to all participants recording all kinds of information, 

protected by cryptographic tools that simultaneously protect the privacy of 

participants in the chain. 

For example, the company that manages the ripening process of the products is 

linked to refrigerated warehouses, transport companies and ultimately to the buyers to 

ensure that the products are optimally fresh when they are needed. Using Blockchain 

technology you can monitor how this process is approved. It provides the ability to 

segregate or capture data and control its availability in order to confirm the process as 

defined, from sourcing the product from the producer to tracking transport to delivery 

to the consumer. Given the transparency of data, it can be concluded that Blockchain 

technology is used to digitally track and store, at all stages of the food chain, all 

product information: 
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 data on agricultural activities, growing and rearing conditions, 

 factory/processing plant, 

 series numbers and expiry dates, 

 temperature and storage conditions, 

 shipment data, etc. 

These relationships are illustrated in Figure 3. 

 

Figure 3. Blockchain in the food supply chain 

 
Source: own study 

 

In this system, governmental organizations and regulators do not have a central 

role in overseeing the exchange of information in the supply chain, but are one of its 

links and perform a similar role to all other members. However, they also have their 

own obligations, such as imposing and applying strictly regulated rules of conduct to 

the whole supply chain, and checking the authenticity of the information sent by each 

member. If a food safety risk is identified, they can immediately take remedial 

measures to eliminate it. This approach of decentralized traceability is becoming a 

new approach that increases transparency in the supply chain, reinforces the reliability 

of information, allows real-time tracking of food products and thus enhances security 

of supply. 

 

7.2. Examples of applications 

 

As the largest exporter of tuna in the world, the Thai Union group in Bangkok 

operates within many complex supply chains. First of all, it is about fighting the 

fishing industry against illegal fishing and human rights violations. The company has 

implemented a traceability system to monitor and manage the exclusion of illegal fish 

from the supply chain. The Union Group was the first company in the world to 

introduce a canned tuna tracking device so that consumers can analyze the route of 

their products from the moment they are caught in real time by verifying the species, 

the catch area, the trip number or the fishing vessel. The company's management is 

also considering using digital traceability to improve communication between 
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employees and fishing vessels. It also envisages the use of Blockchain technology as 

an opportunity to secure supply chains through the use of cryptographic signatures or 

a common demand and supply chain and to ensure security at every stage of the chain 

from supply to production to consumer. Another very important aspect is the use of 

technology in cross-border payments to identify the payer and beneficiary, which 

contributes to promoting safe and legal migration of workers. 

The Thai Union launched a pilot digital traceability program under which the 

maritime telecommunications service provider Inmarsat installed Fleet One terminals 

on fishing vessels in Thailand. The program is testing the use of scalable platforms 

for electronic exchange of catch data and traceability systems that use mobile 

applications and satellite communications. In another pilot program, crew members, 

captains and fleet owners have been trained in the 'Fish Talk' chat room developed by 

Xsense, which provides digital communication between fishing vessel crews and 

land-based units. 

Cargill announced that in the run-up to Thanksgiving (November 2017), 

consumers were able to track Honeysuckle White turkeys from the family farm to the 

table. Consumers in selected markets can simply text or enter a code from the 

packaging at HoneysuckleWhite.com to access the location of the farm, view the 

history of the family farm, view photos from the farm and read the message about the 

producer. 

 

 

8. CONCLUSION AND FURTHER RESEARCH 

 

Analyzing the concept of Logistics 4.0, it can certainly state that it is nothing 

more than a set of tools and optimization processes that take place at different stages 

of the company's activity. They are based on modern IT systems, enabling full 

cooperation of the technical infrastructure, operating in the field of the Internet of 

Things, thus leading to full automation of work. Moreover, the application of such 

solutions undoubtedly leads to shortening of the decision-making chains, thus 

enabling to make the right decisions in a much shorter time, and this in turn leads to 

building a competitive advantage of the company. It should be noted that modern 

supply chains, which operate on the basis of integrated cyberphysical systems, 

generate huge amounts of data, which, when used in an appropriate way, can be used 

as a basis for activities aimed at increasing the level of visualization of processes, their 

continuous improvement leading to self-improvement or as significant assets of the 

company. Appropriate and skillful application of digital solutions, such as machine 

learning or artificial intelligence, will be the basis for the advancement of enterprises, 

thus increasing the level of service at every stage of the supply chain. 

While making a thorough and in-depth analysis of the issue of digitization of 

supply chains, or aspects of Logistics 4.0, let's not forget that behind every action 

there is a person and it is the person who is supposed to benefit from these solutions. 

They are supposed to support work and provide necessary information in the shortest 

possible time, leaving the final decision to man. This does not mean, of course, that 

all optimization activities must be controlled directly by a human being. Of course, it 

would be a denial of the sense of digitization or automation of work. However, it 
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should be strongly emphasized that the final decision in the whole complexity of 

supply chains must be left to man. Thanks to digitization and process automation 

understood in this way, it is able to maintain the full balance of cyber-physical 

ecosystems, enabling us to make rational decisions in real time, thus moving from a 

central and planning approach to actions that meet the requirements of buyers in real 

time. In this way, it will be able to create the future without unnecessary risk of our 

actions. The perspective of further research at the Institute of Logistics and 

Warehousing and at the School of Logistics is the efficiency analysis of the 

autonomous solutions in logistics processes, including the digitalization of supply 

chains. 
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 Abstract 

 

The article is based on the research on API interfaces used by logistics service 

providers and logistics integration platforms. The article shows what API interfaces 

are in use, compares API vs EDI, what business transactions are supported by API 

interfaces and what are the reasons of why API is used.  The article considers a very 

important topic of standardization for API and shows the way how these standards for 

API can be achieved with a detailed roadmap. 

 

Key words: API, EDI, transport, logistics, standardization, semantic data model  

 

 
1. API INTRODUCTION 

 

API (Application Programming Interface) can be described as a set of solutions 

which allows two computer systems to exchange information. Such interface shares 

the access points which enables functions or data to be used by external applications. 

A good example of API is to display a google map on the school or restaurant website. 

To display the below map it is enough to send a request to google API: 

https://www.google.com/maps/embed/v1/place?q=place_id:ChIJ0RhONcBEFkcRv4

pHdrW2a7Q&key=1234 
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Figure 1. Example of google map display with a requested location.+ 

 

These requests might be more complicated and for those API data structures are 

used like JSON or XML. In general, there are two types of API :  

 WEBAPI where http protocol is used which is not related to any operation 

system or programme language,  

 Native API – programming interfaces uses code libraries and these are not 

used for integrations.  

This research is just about WEBAPI. There are also two kinds of WEBAPI : 

SOAP (Simple Object Access Protocol) well-defined interfaces having always 

its detailed description in a shape of WSDL, which contains all methods and data 

structures. WSDL helps external application for generating automated code for 

accessing this API. From the other hand, it requires quite a big code around this 

interface. So it is not easy for quick testing or simple solutions. SOAP is more formal 

and standardized what means we have to fit those standards but thanks to this we are 

getting tools which automate our job.  

REST (representational state transfer) is built with completely different 

assumptions. Here we have URL addresses, which are identifiers. The request is being 

to this URL address which can have a format of JSON, XML, text or even binary file. 

What will happen depends on the method which is called (there are 7) like GET, 

DELETE etc. It is nice for quick testing and not complicated implementations or 

where the format of the request is not so important.  It is not complicated when 

working with data like adding, retrieving, modifying or deleting records. From my 

point of view, this API is less formal and implementation can be very different.  
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2. RESEARCH OBJECTIVES AND METHODOLOGY  

 

The Research has been made under the GS1 Poland standardization body for 

Identifiers and electronic messages. In GS1 Global Organization strategy API is 

defined as the following task: Add API standard components aligned with a data 

model. To observations has led us to suspect that API is a completely non-

standardized piece of electronic communications in sense of data structures, is being 

developed by companies for individual needs without rules for harmonization of 

syntaxes and semantic. 

The main objective of this research was to identify API1 interfaces used currently 

in the transport and logistics sector among logistics service providers and transport - 

logistics platforms2 . Each interface has its structure of input and output data, those 

structures allow to compare them and in further work will be a basis for harmonizing 

data structures for API in the transport and logistics sector. One of the most important 

aspects of this research is to identify interfaces of the same type e.g. Sending transport 

order and compare the data among different LSP and platforms.  

 

2.1. Research methodology   

 

The research has been made among logistics service providers and logistics 

transportation and integration platforms which are active on the Polish market. 

However, most of are active in European and global scale.  The research contained 

the following elements from the identification of LSP or platforms to the semantic 

comparison of data for the same type of interfaces. The below diagram shows detail 

research steps:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1 Platforms - In this article platforms are defined as computer systems accessible via internet web browsers 

and serving commercial logistics services like finding transportation, carriers or integrating logistics players 

with its customers. 
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Figure 2.  Research methodology for identification and comparison of API interfaces 

 
 

The research in most of the cases has been made based on documentation 

provided by LSP or companies who maintain logistics and transportation platforms. 

The documentation mostly contained the technical description of interfaces, API 

specification with examples and processes descriptions.  For both cases LSP and 

platforms it was important to identify interfaces which are responsible for the same 

type of business transaction like e.g.  Provide transport order status. The next step 

after the identification of those interfaces was to compare the semantic aspect of these 

interfaces.   

LSP which were taken into account for this research: Raben Group, Dachser, CEVA 

Logistics, DB Schenker, DHL, UPS. Used platforms were: Transportation 

Marketplaces (Trans.eu, Timocom), Parcel Carriers integration (Furgonetka, 

Apaczka), Logistics service integration platforms (Logintegra, Transporeon), e-

Commerce integration (Sendit) 

 

 

3. API VS. EDI  

 

API is often mentioned “as one of the greatest innovations in logistics together 

with drones for a parcel delivering or autonomous trucks” (EFT, 2016). It also 
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mentioned API is the successor of EDI, which is being considered as a relict of the 

past and API will be the only “standard” of future data exchange in logistics and not 

only in logistics.  However, although the unarguable role, which API will have in the 

future, EDI is still the simplest, the most effective tool for data exchange.  Research 

shows that EDI didn’t even achieve its full potential on the market.  API for sure will 

enrich an offer of integration services of LSP’s with its business partners, at least for 

real-time tracking and tracing or communications with onboard systems of vehicles.  

However, EDI still will the leading way of data exchange. Benefits from digital data 

exchange are the same if we are talking about EDI or API, so API doesn’t bring much 

difference here it is just another way of electronic data transfer between systems. In 

case of EDI, which exists on the for many, many years in most of cases companies 

are using common messages standards, which are crucial in case of cooperating on 

the international market in cooperation with many business partners. In case of API, 

there is a big gap over here, there aren’t existing standards which will correspond to 

business transaction and which could be applied to so many business cases and 

scenarios as EDI which carries many years of experience on the market within its 

standards. EDI is still the most effective cost-wise tool which is not insignificant, there 

are existing ways of import and export data to and from systems. API connections 

need to program, so specialized staff needs to be employed. API by its nature impacts 

on security for systems as another access point, which requires monitoring.   

Business partners will still use EDI for data and documents exchange if it works 

well, why change? Besides employees knows EDI but not necessary API, so this could 

another obstacle.  

 

Table 1. Comparing EDI and API 

EDI API 

Exchange of business documents 

between business partners with 

standardized messages through 

communication protocols like: FTP, 

AS2 ...  

The interface which allows on the 

interaction between systems with the 

help of HTTP protocol.  

Implementation 

- Easy for integration especially with 

older systems  

- Often requires EDI service providers 

for integration with business partners 

and messages translations. 

- In general lower cost of 

implementation  

- Not compatible with older systems 

- Developers have to learn new 

technology 

- Requires to employ API experts or 

use the third-party services 

 

Functionalities 

- Information exchanged in minutes  

- Commonly used by business partners 

and very, millions of transactions.  

- Information is restricted to EDI 

standards  

- Information exchanged in seconds 

- Requires more secure systems and 

monitoring.  

- unstandardized form of data  

 
Source: https://apifriends.com/others/api-versus-edi  

https://apifriends.com/others/api-versus-edi
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Besides the very big potential of API, LSP and will use EDI for quite a time sill as a 

major method of data exchange, API will be used as an additional tool for data 

exchange or to enrich their services offer like shipment tracking. Raben Group in a 

very elegant way join both technologies and it uses standardized EDI message (GS1 

XML) together with WEB API based on SOAP protocol. API is one of many 

communication channels.  

 

 

4. RESEARCH RESULTS   

 

LSP  

Research has been done based on provided API documentation by 6 LSP: CEVA 

Logistics, DHL, Schenker, Dachser, RABEN, UPS. In total 106 interfaces have been 

identified, where from 84 were analyzed as far as data scope is concerned. API 

interfaces were identified in the following focus area: Transport, Warehousing, 

Master data, and Finance.  Among interfaces, the following table contains interfaces 

responsible to the same or similar business transaction. In this table, there is a generic 

interface because it had a different name in each of LSP.  

 

Table 2. API interfaces among LSP which occurred more than once 
No Document type Occurr  

-ence 

Section Description 

1 Transport Order 4 

 

Transport Transport order contains transport 

instructions and it is sent from logistics 

service client to logistics service 

provider.  

2 Transport Order 

Response 

4 Transport Response on transport order. 

3 Transport Status 

Request 

6 Transport Request information about the status of 

the transport order.  

4 Transport Status 

Response 

6 Transport Status or status list related to transport 

order. 

5 Transport 

Document 

5 Transport The request of any accompanying 

transport readable documents like 

Delivery note, CMR, label, invoice …  

6 Document 

Response 

5  Provision of readable documents most of 

the cases (PDF, or BASE64 PDF)  

7 Transport services 2 Transport List of accessible logistics services 

8 Transport rates 2 Transport List of accessible logistics service with 

prices 

9 Inbound 

Instruction 

2 Warehousing Inbound instruction for warehouse 

10 Receipt 

Confirmation 

2 Warehousing Receipt acknowledgement 
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11 Outbound 

Instruction 

2 Warehousing Outbound instruction for warehouse 

12 Ship Confirmation 2 Magazynowa

nie 

Shipping acknowledgement  

13 Inventory Report 

 

2 Warehousing Inventory report 

14 Item Master 2 Master data Definition, adding, modifying, deleting 

material master information 

Source: author own study  

 

Among identified LSP API interfaces there were many single which occurred just 

once in one of the LSP.  

 

Table 3. API interfaces among LSP which occurred just once 

No Document type  Occur

ence 

Section Description 

1 RMA Reception 1 Warehousing Return inbound instruction 

2 RMA Reception 

Confirmation 

1 Warehousing Confirmation of return goods 

receipt 

3 Inventory 

Adjustment 

1 Warehousing Inventory stock updates 

4 Inventory Status 

Change 

1 Warehousing Inventory stock type change 

5 Vendor Master 1 Master data Update of suppliers database 

6 Customer Master 1 Master data Update of customers database 

7 Pacakge dictionary 1 Master data Packages dictionary 

8 ADR information 1 Master data  ADR items dictionary 

9 Time in Transit 1 Transport Transit times between points 

(addresses) 

10 Dangerous goods pre-

check 

1 Transport Information about dangerous 

goods 

11 Localizator 1 Transport Shipments location 

12 ProfileHouseBill-List 1 Transport Shipments list 

13 Brokerage 1 Transport Shipment statuses and 

references 

14 HomeDelivery 1 Transport Shipment details 

15 SSCC 1 Transport Returns sscc customer’s number 

to use 

16 Routing 1 Transport Route information  

17 BookCourier 1 Transport Parcel carrier booking 

18 getMyShipments 1 Transport List of shipments 

19 getReturnWaybill 1 Transport Waybill generation 

20 getLabelsData 1 Transport Sends label information 

21 getPNP 1 Transport Report of shipments 
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22 Create Manifest 1 Transport Create waybill from shipment or 

group of shipments 

23 getPalletInfo 1 Transport Collecting customer pallet 

numbers 

26 getCashOnDeliveryR

eport 

1 Finance COD report 

27 getInvoiceSpec 1 Finance Invoice specification 

28 getInvoiceSpecComp

ressed 

1 Finance Compressed invoices 

29 getFuelFactor 1 Finance Fuel factor value added to 

service price 

30 getTolleFactor 1 Finance Road tolls added to transport 

services 

Source: author own study 

 

Platforms 

The research has been done based on API specifications provided by 7 logistics 

platforms in the following categories Transport marketplace (TRANS.EU, Timocom), 

Parcel carriers integration (Furgonetka, Apaczka), Logistics services integrations 

(Logintegra, Transporeon), eCommerce integration (Sendit). 174  API interfaces were 

identified in the following areas: transport, user management, addresses and 

customers management. 

Among interfaces exists the same type interfaces like transport order, the 

following table contains interfaces which occurred more than on one platform.  

A generic name for those interfaces has been applied.  

 

Table 4. API interfaces among logistics platforms which occurred more than once 

No Document type Occurre

nce 

Area Description 

1 Transport order 6 

 

Transport Transport order send to platform 

2 Delete transport 

order 

4 Transport Deletion of transport order  

3 Get order details 5 Transport Retrieve transport orders details 

4 Get orders 5 Transport Retrieve a list of transport orders 

5 Order rate 3 Transport Transport order rate 

6 Waybill 2 Transport Waybill 

7 Validate order 

 

2 Transport Validation of transport order 

8 Order status 2 Transport Transport order status 

9 Truck offer 2 Transport Truck offer 

10 Truck offer 

details 

2 Transport Details of truck offer 
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11 Truck offer delete 2 Transport Deletion of truck offer  

12 Authorization 

request 

3 Administr

ation 

Authorization request by an external 

system 

13 Company info 3 Administr

ation 

Company information 

14 User info 2 Administr

ation 

User information 

15 Points 6 Loading/

Unloading 

places 

Loading and unloading points 

information 

Source: author own study  

 

There were another 50 singles API (with responses) interfaces which occurred just 

once, on one platform.  

 
Table 5.  API interfaces among LSP which occurred just once 

No Document type Occur

rence 

Area Description 

1 Access Token request 1 Administratio

n 

Access request by token 

2 Find Customer Keys 

request 

1 Master data The search of customer 

number 

3 Find Customers request 1 Master data Customers search 

4 Find Contact Person Keys 

request 

1 Master data Contact person number 

search  

5 Find Contact person 

request 

1 Master data Search contact person 

6 Store Contact Person 

request 

1 Master data Add contact person 

7 Delete Contact Person 

request 

1 Master data Contact person deletion 

8 Find Cargo Offer Keys 

request 

1 Transport The search of transport 

orders numbers 

 9 Find Truck Offer Keys 

request 

1 Transport Search for truck offers 

numbers 

10 Find Truck Offers request 1 Transport Search for truck offers  

11 Find Truck Offers outside 

search request 

1 Transport Search for truck offers 

outside collaboration group 
12 

getPackageFormUrl 
1 Transport Generation of web form for 

transport order 

13 
addPackageToTracking 

1 Transport Adding package to tracking 

system 

14 getAvailablePickupHours 1 Transport Get avaialable pick hours 

15 
get balance 

1 Transport Get settlements to balance 

with customer 
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16 getRegulations 1 Transport Get carrier’s regulations 

17 service_structure 1 Transport Service structure 

18 
edit transport 

1 Transport Transport order 

modification 

19 status 1 System System status check 

20 SpUserField 1 Master data Get user field value 

21 SpAddressList 1 Master data Ger addresses list 

22 SpAddressAdd 1 Master data Add address 

23 SpAddressDelete 1 Master data Delete address 

24 
SpOrderConfirm 

1 Transport Transport order 

confirmation 

25 SpProtocolGenerate 1 Transport Protocol generation 

Source: author own study  

 

 

5. CONCLUSIONS  

 

Detail analysis of API data structures confirms very big differentiation of data 

definitions, naming and data structures. One of the examples can be API responsible 

for providing transport order status where the name for such interface is different on 

each platform and LSP: getTrackandTrace, OrderStatus, Shipment status, transport 

status request, Brokerage, track. Besides codes and description are different 

everywhere. Another example is transport order on the platform which have following 

names: Cargo_offer, Order_save, transport_creation, order_send, create_package, 

store_cargo offer request, Add a load offer 

What is worth to notice is that even is that that we often we API interfaces which 

allows passing human-readable documents like PDF or some graphic formats. These 

documents are labels, invoices, delivery notes etc… It is because these documents are 

still required because of law regulations, audits or because processes were not fully 

adjusted to effectiveness which EDI or API offers. As for an example of an interesting 

interface, we can mention CO2 emissions or geo-localization. 

The other thing which characterizes API interfaces especially those on platforms 

are interfaces which are only to be used by computer programs, their function is to 

retrieve information which is necessary to accomplish further steps in the program 

function, which is of course according to the spirit of API, where external data can be 

treated like local resources.  

  

 

5.1. Reasons for API  

 

Why API is used? API interfaces are fast, the response is a real-time in the worst 

cases in seconds. API can generate new possibilities of system integration and thanks 

to API services offered by LSP or platforms can be more complete. For example for 

LSP integration to third party services like: 
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- E-Commerce platforms, which can generate transport orders in LSP 

systems, or check the stock availability.  

- Integration with the system supporting tracking and tracing of shipments or 

logistics units.  

- Integration with systems of carriers and other LSP.  

- Integration with transport marketplaces 

- Integration with logistics services integration platforms and parcel carriers 

- Selling and suppliers systems and ERP’s  

- Mobile and on-board devices 

For platforms we can add the following reasons:  

- API open new possibilities for integration with LSP systems, tracking 

systems digital maps etc. 

- Technologically wise, API is a natural way of communication between web 

applications, which are now 95% of a new application on the market.  
 

 

5.2. Why API needs standardization and how to do this  

 

Detailed semantic data analysis shows that the same business terms have a 

different naming or format in particular interfaces, the same for group data elements 

like address, COD information, logistics unit, Dims of a logistics unit. Information 

scope and field name are different in each interface.  Codes or code lists used e.g. for 

shipment status, or reason for rejection, are different on each platform and in each 

LSP.  For the company who cooperate with several LSP and from time to time with 

the platform it can be a nightmare they would need a translation table to convert those 

to additional probably another one in-house standard. Below diagrams shows the 

complex data model for Address from different API interfaces which shows exactly 

data field naming and structure of this address record is completely different in each 

of the interfaces.  
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Figure 3. Examples of complex data element (Address), from six different API 

interfaces. 

 
Source: Author own study 

 

After the analysis of interfaces and its data structures it seems that awareness of 

the majority of the users is ending on data (file) format json or xml, the point that json 

or xml file can have a completely different data structures and naming of data 

elements. Which leads to building a new API interfaces for the same business activity 

with another business partner (e.g. another LSP).  So there seems to be a big area for 

harmonization of API interfaces, the best on the level of the reference data model, 

which would be technologically agnostic and could be applied for both types of API 

REST – json or SOAP – xml  and actually not only for API . 

On the below diagram there are some steps which need to be taken to do a 

harmonization of API interfaces.  This research concludes first three steps of below 

road map which is a basis for work on the reference data model used in transport and 

logistics sector of course in the part which were covered by identified API interfaces.  

First step – analysis of data sets within API interfaces both platforms and LSP,  

Second – step compare and identify interfaces of the same type, responsible for the 

same or similar business transactions. 

The third step – prepare common data sets per API transactions to cover requirements 

from different LSP’s and platforms.  
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Figure 4. Road map for API data structures standardization 

 
Source: author own study  

 

The steps ahead:  

The fourth step – Create or adopt a reference data model, which defines business 

data terms, and grouped business data terms to create a semantic model for API’s 

based on those business terms.  The RDM would contain for example a grouped 

business term for address.  

Fifth step – Create an API specification about reference data model created in step 4.  

In Europe and Worldwide there are many initiatives which could help in further 

work on API harmonization like:  

 UN/CEFACT core components for Transport and logistics and its adoption to 

API interfaces, 

 eCMR GS1 France which will utilize UN/CEFACT core components for 

electronic international waybill,  

 GS1 Global Office Semantic Model Group for Order to cash cycle – dictionary 

for data terms and semantic data models for messages to cash processes.  
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Abstract 

 

The importance of e-learning and blended learning in higher education in 

Hungary has significantly increased in recent years. Students use a variety of online 

platforms with more or less weight in their studies, in addition to traditional classroom 

learning. Yet, the world, all walks of life, including, of course, higher education, have 

been shaken by a series of restrictions on the coronavirus sweeping Europe from the 

end of winter 2019/2020, including the suspension of traditional contact-based 

education. In Hungary, the transition to distance learning became necessary in just 

over a week due to the closure of universities. How did this affect the students? How 

is the knowledge acquired through distance learning assessed in the operations and 

supply chain management education? How strong and how weak was this new 

distance learning system developed for extreme reasons? In our research, we sought 

answers to the above questions. To this end, we asked our undergraduate and graduate 

students at Corvinus University of Budapest about our Operations Management (BSc) 

and Supply Chain Management-focused (MSc) courses (approximately 360 students). 

In addition to questionnaire research, we compared the student results achieved in 

previous years to determine whether there is a significant difference between the 

results of the last semester and those converted to distance learning. According to our 

hypothesis, distance learning challenged students to independently understand and 

master the theoretical curriculum. Still, they were more forced to apply a practical 

perspective in case studies and problem-solving. 

 

Key words: distance learning, higher education, operations management, supply 

chain management, Covid-19 
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1. INTRODUCTION 

 

The global processes of the 21st century have brought change to economic actors 

in almost every part of the world. Universities are no exception. The reform of 

classical academic education began long before the appearance of the coronavirus 

worldwide, including in Hungary. The change first and foremost required the right 

medium to work in the hitherto unknown online space. One of the reasons for the 

development of e-learning was probably the appearance of the world wide web (Tastle 

et al., 2005). After the creation of the online space, it became possible to place part or 

all of the education conducted in the traditional framework in a digital place through 

different platforms (Alexander & Golja, 2007; Coates et al., 2005). In the case of 

practice-oriented courses, the question may arise that close cooperation, personal 

presence-based skills and competencies (teamwork, cooperation skills, 

communication skills, organisational skills (Pató, 2006), organisational and time 

management skills, the courses developing the ability to apply conflict and stress 

management techniques (Keller, 1999) can be implemented via Internet platforms, or 

at all. The emergence of the coronavirus suddenly put higher education actors in a 

complicated position, and the transition from offline to online education had to be 

completed in a very short time. How did this affect the students? How is the 

knowledge acquired through distance learning assessed in the operations and supply 

chain management education? How strong and how weak was this new distance 

learning system developed for extreme reasons? In our research, we sought answers 

to the above questions. 

The study first describes the role of distance learning in higher education; its 

characteristics and application possibilities are presented. This is followed by the 

methodology and the introduction of the questionnaire, and an analysis of the survey 

results. 

 

 

2. LITERATURE REVIEW 

 

2.1 Distance learning in higher education 

 

Nowadays, e-learning is a suddenly appreciated tool in higher education (Zhou, 

et al., 2020), which is basically one of the milestones in the development of distance 

learning (Sangrà et al., 2012). It makes it possible for participants to communicate, 

the joint work and the sharing of information materials related to the transfer of 

information for those involved in education (Rhema & Miliszewska, 2012). E-

learning builds on information and communication technology (ICT), it can also be 

seen as a tool for educational reform, but in order to function effectively, attention 

must be paid to appropriate adaptation (Idris et al., 2017). 

Basically, we can classify the implementation forms of online education into two 

categories: we can talk about synchronous and asynchronous communication 

solutions. The combination of personal (synchronous) and text-based (asynchronous) 

communication solutions strongly complements higher education goals (Garrison, 

2011).Synchronised online education can be seen as a tool for maintaining personal 
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contact, engaging students, and strengthening participation, while asynchronous 

education can be seen as a method that focuses on information transfer and processing 

(Zuti, 2018). 

In the asynchronous case, students and lecturers are not in the same place in 

space or time, so e-learning is flexibly available, it does not require the time schedule 

required of the two parties together. The flow of information can often take the form 

of emails, shared content, and possibly written communication on social media 

platforms. The implementation of various learning management systems such as 

WebCT ™, Moodle ™, BlackBoard ™ (Murphy et al., 2011; Alexander & Golja, 

2007; Coates et al., 2005) or the currently prevalent Google Classroom ™ or 

Microsoft Teams ™ applications can also help. 

The synchronised solution is more similar to classroom lessons, with a two-way 

communication relationship between students and faculty staff in the form of a video 

conference or audio conference during the course (Bernard et al, 2004). In this case, 

the participants are still spaced apart in space, but time independence is lost, and the 

scheduling of calls is a constraint on flexible scheduling. In addition to the 

multifunctional interfaces listed earlier, such as Google Classroom ™ or Microsoft 

Teams ™, Skype ™ or even Zoom ™ applications can also serve the emerging needs 

(Murphy et al, 2011). 

 

2.2 Distance learning in practice-oriented education programs 

 

At the beginning of the century, Koprowski (2000) considered soft-skills such 

as management, governance, or even strategic thinking to be just an emerging 

development direction for e-learning. As a realisation of this, it can be seen that 

nowadays there are also digital solutions aimed at the transfer of various 

competencies. In our study, we focus on operations and supply chain management-

oriented courses, since the authors' educational portfolio includes suchuniversity 

courses on BSc and MSc levels. We surveyed students of a bachelor course in 

Operations and Process Management and several courses in the Supply Chain 

Management master's program. 

According to Munkácsi & Demeter's research (2019), online methods have a 

poor perception among students in the Supply Chain Management programs. 

Regarding the reasons for this, the students drew attention to the difficulties of 

information transfer; however, technological problems (internet access, improper 

running of programs on a given device) also appear in the research (Munkácsi & 

Demeter, 2019). Although the research has focused mainly on classroom 

complementary online methods, these difficulties may also become more pronounced 

in a crisis situation when learning from home. In order to be successful in the courses 

in distance learning, the attitudes of educators may be critical in terms of motivating 

students, but interactions seem essential to maintain interest as well as transfer 

competencies (Paechter et al., 2010). 
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2.3 Distance learning in a crisis situation 

 

Similar to the current coronavirus situation, higher education in Hungary did not 

have to cope with before, but many countries have already experienced a crisis with 

presumably more severe restrictions. It may be appropriate to examine Internet-based 

solutions for higher education implemented in war conditions in order to investigate 

methods that can be used in health emergencies. "Information and communication 

technologies are key elements in the universal response to crises, whether natural or 

man-made" (Rhema & Miliszewska, 2012, p. 149). Looking at the example of the 

Libyan war, these technologies support educational organisations in developing 

proper coordination to ensure continuous collaboration between students and 

educators (Rhema & Miliszewska, 2012). A number of challenges that make it 

challenging to transition to distance learning may not only be valid for less developed 

countries. The lack of an appropriate IT background (Internet access, proper tools) 

(Al-Azawei et al., 2016; Idris et al., 2017) development of an e-learning system 

(Zhang et al., 2004). It is therefore essential to develop a system in a crisis situation 

that provides a flexible environment that helps to create access to higher education, 

facilitates the modernisation of teaching methods, and supports learning (Rhema & 

Miliszewska, 2012). 

 

3. METHODOLOGY 

 

The rapid development of informatics and computer technology is increasingly 

enabling the spread of multivariate data analysis methods (Szüle, 2016) and, prior to 

that, the implementation of data collection. Online questionnaire data collection 

provides an opportunity to learn from the views of a wide audience (Wright, 2005). 

One of the arguments in favour of an online questionnaire is to take advantage of the 

Internet's ability to provide access to groups that are difficult to reach through other 

channels (Wellman, 1997, Wellman & Haythornthwaite, 2002). This is especially true 

at times of restrictions due to the Covid-19 virus. 

By analysing the figures obtained from the questionnaire, the researchers may 

aim to identify patterns and possibly set up empirical models (Szüle, 2016). Based on 

the study of university students by Stark and Freishtat (2014), it can be seen that 

quantitative analysis of different averages, as well as questionnaire responses, may be 

suitable for the interpretation of student opinions. However, it is noted that no 

conclusions can be drawn from statistically small samples (Kehl & Rappai, 2006). To 

this end, it is worth reaching as many students as possible. 

 

 

4. THE SAMPLE 

 

In search of the answers to our research questions formulated earlier, we decided 

on the questionnaire research described in the research methodology section. In this 

part of the paper, the developed questionnaire and the database obtained are presented. 
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In compiling the questionnaire, we took into account previous questionnaire 

research (Tastle et al., 2005; Paechter et al., 2010) and tried to "customise" the 

questionnaire as much as possible for our study (operations management, logistics, 

supply chain management, bachelor and masters programs). 

When editing the questionnaire, it was an important aim to formulate easy, quick 

questions (thus helping to fill them in), the measurement scale was mainly Likert 

scale, but where self-memory response was more important (e.g. the most 

advantageous or lacking factors during distance learning) we aimed not to influence 

them with predefined response options. The complete questionnaire can be divided 

into 3 major parts; the first part contains the more general, introductory questions, and 

then the survey is divided into additional two parts addressing undergraduate or 

graduate students. The reason for this is that we focused on a course taught in the 

spring semester, the Operations and Process Management (OPM) course. We were 

interested in the implementation of the course in distance learning, looking at their 

other educational experience gained during the semester. In the master's program, 

however, we addressed the Supply Chain Management masters as a whole and 

analysed the efficiency, success and pitfalls of implementing distance learning. Thus, 

we aimed to examine a compulsory undergraduate course (OPM) and four courses of 

SCM masters. In total, the questionnaire contained nearly 50 questions. 

The target group of students in the research was notified about the content and 

deadline of the questionnaire through the university Moodle interface. Our students 

had the opportunity to complete it for a week. The target number of students in the 

basic period is approximately 280 people (this represents about 40% of the total 

number of students studying OPM), of which the number of questionnaires received 

was 129, which is approximately a return rate of 46%. On masters level, all students 

in the program were invited, the number of targeted students was 98, of which 42 

questionnaires were received. The share of BSc and MSc students in the sample is in 

correspondence with their share in the university education, and there are 5-times 

more BSc than MSc students. Due to lack of data (an incorrectly completed and 

submitted questionnaire), one response was excluded, and finally, we have got a 

database of 171 answers, which is a statistically a large sample (Kehl & Rappai, 2006). 

The analysis of the database was performed by using the IBM SPSS 25 software. 

In general, the respondents typically belong to the same age group (the 

proportion of young people aged 20-23 is 78%), two-thirds of the respondents are 

women. These are typically students who perform well or excellently (both in the 

spring and autumn semesters of 2019), as the proportion of those who perform well 

(with an average of between 3.51 and 4.50) is 54%, and the proportion of those who 

perform excellently is 25%. More than 50% of the responding students work part-time 

or full-time. Slightly more than half of the respondents do not depend on parental 

support at all, or only partially, and live in a similar proportion independently of their 

parents. In accordance with Tastle et al. (2005)'s categorisation, half of our responding 

students were 'traditional', and the other half was not 'traditional' student. 

In general, it can be said that very few of the respondents have met distance learning 

before, 70% of them have not received distance learning at all before the Covid-19 

crisis. 
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5. RESULTS AND DISCUSSION 

 

When transitioning to online education, Corvinus University of Budapest used 

MS Teams and Moodle uniformly. Based on the knowledge of these systems, online 

presentations, team works, document shares, tests, and various other methodologies 

have been used. Course leaders and instructors made decisions about the appropriate 

methods. 

Since 70% of the students had no experience with distance learning, we asked 

how easily the transition to distance learning went, and we analysed it with cross-

tabulation and tested the differences with Pearson's chi-square test. 70% of those who 

had any previous distance learning experience found it easy to switch, but 60% of 

those who had not previously received this form of education also found the switch 

easy. The opinion of the students was similar in terms of technological background, 

70% of the previously experienced students reported a suitable technological 

background, 60% of the inexperienced were satisfied with the same circumstance 

(Chi-square test, the significant difference at 94% significance level). This refutes the 

results of Munkácsi& Demeter (2019), who experienced student dissatisfaction due 

to technological deficiencies. Overall, 58.3% of those with previous experience and 

64.3% of those without experience consider the knowledge acquired through distance 

learning to be slightly more valuable, and only one respondent considers it worthless. 

For us, this means that online education can also be effective and efficient. 

We asked students how they rated the spring semester as a whole. Although their 

answers to previous questions were favourable, so they were easily switched over, 

most of them had no technical problems, and they also judged the acquired knowledge 

favourably, their overall opinion of the last semester was medium or rather 

unfavourable (Table 1). Classified by education level, it can be said that the view of 

masters was worse than that of bachelor students. 

 

Table 1. Overall opinion of students with different level of distance learning 

experience on the spring semester of 2019/20. 

Opinion about the 

recent semester  

Preliminary 

distance learning 

experience 

Excellent 

or good 

Middling Bad or very 

bad 

Sum 

occasional 

experience 

29.7% 19.1% 51.2% 100% 

regular experience 60% 40% 0% 100% 

no experience 34.4% 33.6% 32% 100% 

Source: own construction based on the survey results*, 2020 

*According to Pearson's Chi-square test, the difference is significant at 99% significance level. 
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In order to understand this, we examined what they lacked during distance learning. 

The responses were categorised into the following categories: community, appropriate 

technology, explanation of professors, information. A considerable difference 

between BSc and MSc students can be found here (Table 2). 

 

Table 2. What students missed during the distance learning in the spring semester of 

2019/20 

What did you lack during 

the distance learning in 

this semester? 

Bachelor students Masters students 

Community 30.2% 52.8% 

Appropriate technology 8.5% 2.8% 

Explanation of professors 40.5% 25% 

Information 20.8% 19.4% 

Sum 100% 100% 

Source: own construction based on the survey results*, 2020 

*According to Pearson's Chi-square test, the difference is significant at 90% significance 

level. 

 

All in all, we can state that during distance learning, the instructors had to step 

out of the traditional university teaching role and be open to the students' mental 

problems, listen to them, provide them with information and care. In our opinion, the 

reason why bachelor students would have required a much higher proportion of 

professor explanation and information than masters, is that in the grades, where 

Operations and Process Management course is taught number of students is 6-700, 

while in the Supply Chain Management master's program it is only 40-60. Thank this, 

a much more direct relationship can be established with the master's students, there is 

much more space for listening to them and answer their problems. 

We asked students how motivated they felt during the distance learning semester 

compared to a traditional semester (they rated their motivation on a 5-point Likert 

scale, where 1 meant very motivated, 5 meant not motivated at all). Both BSc (3.31) 

and MSc students (3.68) felt less motivated than usual (difference of groups is not 

significant). As we see the reasons for the particularly low motivation of master 

students, we thoughtthat it is a smaller community with specialised professional 

interest, where learning from each other plays an important role in classroom 

solutions. Hence, the lack of community (as discussed earlier) also affects their 

learning motivation. 

We keep even more likely that there is a psychological reason for the lack of 

motivation and semester misjudgement since the bachelor students were explicitly 

satisfied with OPM course. So were the master's students with the master's courses, 

they rated them high on a 5-point Likert-scale (where 1 is completely satisfied, 5 is 
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completely dissatisfied). The OPM was rated at 1.97, the master's courses at 1.75, and 

82.5% of the latter value the knowledge acquired in the given course as rather valuable 

(1 or 2 on a 5-point scale). 

 

 

6. CONCLUSION 

 

This semester was a particular semester not only for students but also for the 

instructors. One week was available at our university to develop the online version of 

the undergraduate and graduate courses. Although we are a student and service-

oriented and the redesign of the education has been done taking into account the 

interests and workload of the students and professors, it could not be perfect due to 

the short time. Our questionnaire survey allows us to change gaps, bad practices, and 

understand what is really important to students in a situation like this. 

We consider it an important result to confirm that online education can be just 

as valuable and useful as traditional education, even if the transition happens 

suddenly, both the students and the instructors are new to the topic and have a 

particular situation (restrictions). 

Another significant result is that the instructor should not only teach, but it is 

especially important to make personal contact with the students, to care. Therefore, 

forms of distance learning that provide opportunities for networking (synchronised) 

may be more successful in a case similar to the current one. Thus, the curriculum and 

the quality of education are essential factors of the success of distance education but 

at least as important factor is the caring about students' souls. 

The results of the study may be limited by the fact that we conducted the survey 

primarily among students of OPM course and Supply Chain Management masters 

courses at the Corvinus University of Budapest, and the gathered opinions do not 

necessarily reflect the attitudes of all university students towards distance learning in 

general. Another limitation is that we examined the audience of a business school, and 

it would be interesting to analyse the results of an institution in which, e.g. 

pedagogical education is underway and where the educational and psychological tools 

are significantly more advanced. 
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