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Summary.  In recent years, many businesses have moved from physical activity to e-commerce 
as a result of the COVID-19 pandemic. However, the transport sector (specifically transportation 
of goods) has been severely tested by the increased need for activities that cannot be transferred to 
the electronic platform. For that reason some environmental problems occur that threaten Europe 
and the world with an existential threat. The sector of transport is the most polluting one for the 
environment, therefore, the sustainable development must be under the particular emphasis and 
development in order to maximise the needs of the society by having the least negative impact on 
it.  
The aim of the paper is to assess the sustainability of the EU transport sector. The analysis of the 
scientific literature, the multi-criteria complex proportional assessment (COPRAS) method and 
cluster analysis were used for the research.  
 
Keywords: sustainable development, transport, environment, negative impact of transport on the 
environment and society, implementation of the sustainable development in the transport sector, 
assessment of the sustainable development. 
 

Introduction 
Transport is important for society and the economy but it provides one of the most negative 
environmental impacts: it contributes to the climate change, air pollution and noise. Therefore, it 
has become necessary to take action and measures to address the environmental problems that pose 
a threat to society. This can be achieved by involving as many stakeholders as possible, including 
countries, citizens, international institutions and businesses, in the context of the concept of 
sustainable development. Managing sustainable development, based on scientific and research 
knowledge, can be a way of streamlining not only the global economy but also a specific 
organization. It should be noted that sustainable development encompasses interdependence in 
three main areas – social, ecological and economic – as a balance of three different dimensions. 
Both manufacturing and service companies are beginning to recognize that long-term sustainable 
development in the company increases profit. In this respect, sustainable development has inspired 
many companies to take a new approach to solving environmental problems called eco-innovation. 
Eco-innovation can be defined as new products and processes that bring value to business while 



reducing negative environmental impacts. In 2021 after two months investigation it was found that 
the pollution of diesel-powered cars with nitrogen oxides in Lithuania exceeds the norm about 
three times, in particulate matter – about one and a half times. Emissions from heavy-duty vehicles, 
especially nitrogen oxides, are up to a dozen times higher than the standard (Ministry of 
Environment of the Republic of Lithuania, 2021). According to the Environment Minister 
Gentvilas (2021): "The air in Vilnius is more polluted than in Paris – disorderly, abandoned diesel 
cars and heavy trucks poison our streets and lungs." This is also confirmed by Unger, a researcher 
at the University of Exeter (2020): "CO2 emissions from road transport are the highest from all 
man-made sources (industry, energy production, agriculture, etc.)". According to statistics 
provided by the Lithuanian National Centre for Public Health under the Ministry of Health, the 
number of premature deaths of the population (age group 30) attributable to the long-term exposure 
of particulate matter from the transport and industrial sectors reaches 236 in 2015–2017 (Toleikis, 
2020). Recently, the topic of sustainable development is particularly relevant in order to reduce 
the negative impact on the environment and society and to ensure healthier and safer living 
conditions for future generations. The environmental problems that threatened the subject led to a 
choice of theme and led to an analysis of the transport sector. 
 
Research problem: one of the goals of sustainable development is to ensure that the pollution and 
negative effects of transport on the economy do not increase as the economy grows. EU countries 
are primarily faced with the unsustainable development of the transport sector in order to meet the 
requirements of the EU Green Deal and become climate-neutral countries. 

Research goal: to identify the indicators for sustainable development of the transport sector and 
assess the sustainability of the transport sector in EU countries. 

Research object: sustainable development of the transport sector. 

Research tasks: 

1. To examine the theoretical aspects of sustainable development in the transport sector; 

2. To identify the indicators in the transport sector that have an impact on the sustainable 

development of this sector; 

3. To carry out a multi-criteria analysis of complex proportionality assessment (COPRAS) and 

cluster analysis and assess the sustainable development of the EU transport sector. 

 

Literature review 

1. The concept of sustainable development in the transport sector 

1.1 The meaning of the term sustainable development 

Analyzing the scientific literature, the equivalents of the term of sustainable development can be 
found in different ways: development that maintains ecological balance, stable development, 
harmonious development, sustainable development, etc. For the first time, the term “sustainable 



development” was mentioned and explained in the report of the United Nation’s specially created 
World Commission on Environment and Development (1987), known as Brudtland, which states 
that sustainable development is a development that meets current needs without compromising the 
ability of future generations to meet their own needs. 

Pivorienė (2014) states that: "Sustainable development is always defined through the relationship 
between the present and the future, modern and future generations. The starting point may be the 
present: expansion that satisfies people's well-being in the present, ensuring no worse well-being 
for the future generations, or the future of ensuring the well-being of the future generations by 
balancing economic, ecological and social development in the present". It should be noted that 
different areas interpret the definition of sustainable development in different ways. In economics, 
this is the most often understood as development, ensuring that the incomes of future generations 
aren’t lower than those of current generations, in ecology – development that preserves the 
diversity of biological species, ecosystems and ecological processes, in sociology – development 
that preserves communities, maintains close social ties and relationships in the community. 

On 25th September 2015, the United Nations General Assembly adopted the Sustainable 
Development Agenda "Changing Our World" to 2030 (Report on the Implementation of the United 
Nations 2030 Agenda for Sustainable Development in Lithuania, 2015). The document sets out 17 
sustainable development goals and 169 sub-targets, which cover many areas and are designed to 
be implemented by 2030. This sustainable development plan will be implemented by all states and 
stakeholders in cooperation as partners. For example, Lithuania has committed to reducing 
greenhouse gas emissions by: the medium-term objective is to reduce greenhouse gas emissions 
by 40 % by 2030 and by 60 % by 2040 compared to 1990; the long-term objective is to reduce 
greenhouse gas emissions by 80% by 2050 compared to 1990 levels (report on the implementation 
of the UN 2030 Agenda for Sustainable Development in Lithuania, 2018). 

 

1.2 Impact of transport on the environment and society 

The developing economy and the changing social situation of the population increase the need for 
mobility, leading to increased urban traffic flows, noise levels and air pollution. The rapid growth 
of vehicle number in the world, and the associated increase in atmospheric and ambient air 
pollution, causing global changes in the atmosphere, global warming, ozone hole formation, 
floods, droughts are leading to increasing concern about transport problems in recent decades 
(Ambrazevičius, 2008; Baublys, Miškinis and Morkvėnas, 2011).With the increasing number of 
petrol and diesel vehicles, the quality of air is rapidly deteriorating. As the number of petroleum-
powered vehicles increases, more gaseous pollutants and particulate matter are emitted into the air 
(Kinnon et al., 2019). When fuel is burned, carbon dioxide is mainly released into the environment, 
as well as emitted heat and water vapor (Nedzeikienė, 2012). 

In order to understand the effects of air pollutants on human health, first, it is necessary to 
understand the mechanisms of action of these pollutants and find out the ways how they get into 
the human body. Harmful substances can enter the body by inhalation through the lungs, the 
digestive tract, or directly into the bloodstream through the damaged skin (Dėdelė, 2014). 



According to the World Health Organization, particulate matter (PM), nitrogen dioxide (NO2), 
sulfur dioxide (SO2) and ground-level ozone (O3) are the most harmful for the human health (WHO 
Regional Office for Europe OECD, 2017). 

Air pollution of biological, physical and chemical ambient has a negative impact on human health, 
especially for children under 15 years of age. Ambient air pollution increases the incidence of 
circulatory and respiratory diseases and weakens the human immune system. A clear statistical 
link has been established between the prevalence of lung cancer incidence and ambient air 
pollution by particulate matter (Centre for Health Training and Disease Prevention, 2020). Short-
term effects can have a negative impact on lung function. The effect is especially felt by individuals 
with asthma. As a result of exposure, the overall incidence, allergic reactions, and overall mortality 
may increase (Centre for Health Training and Disease Prevention, 2020). 

Transport noise is also one of the most common environmental factors causing public 
dissatisfaction in the European Union. According to a European survey, around 70% of 
respondents from the European Union have expressed their concern about the noise in the living 
environment. Noise at the workplace, which affects at least 25% of the daily working time, affects 
one third of the working age workers (Merllie, 2001). Long-term exposure to noise can cause a 
wide range of effects on the individual, from the irritation caused by constant stress and stress, an 
increase of arterial blood pressure, to the increase of the risk of the cardiovascular disease (Kempen 
et al., 2002). 

Transport has a negative impact not only on the people but also on the nature. Vegetation plays an 
important role in cleaning the atmosphere and reducing air pollutants. Gases, including nitrogen 
oxides, carbon monoxide, volatile organic compounds and methane, bind in the atmosphere and 
form the ozone layer. Ozone on the surface of the Earth limits the photosynthesis of plants, 
reducing the ability of plants to grow. "The ecosystems of the Earth are currently slowing the 
global warming, storing about 30% of our carbon dioxide emissions each year" says professor 
Unger of the University of Exeter (2020). However, this carbon capture is being undermined by 
the depletion of the ozone layer. The largest losses in plant productivity are in the eastern United 
States, Europe and eastern China, where the pollution of the surface of ozone has high levels. New 
research suggests that if emissions of gases, that deplete the ozone layer, be reduced, it would 
improve conditions for plants, allow them to grow faster and absorb more carbon dioxide (Unger, 
2020). 

Wild animals are also vulnerable to the air pollution. The vulnerability of an animal to the air 
pollution is influenced by how it breathes – whether it uses the lungs, gills or another form of gas 
exchange. Air pollution also affects wildlife by entering into the food chain and damaging food 
supplies (Kamble, 2011). The majority of these consumed contaminants gathers and accumulates 
in the tissues of the animal. Since some kinds of animals eat other ones or even humans use meat 
for their meals, these contaminants accumulate and pass on. Among many others the highest level 
predators such as bears and eagles are especially susceptible to the biological accumulation of this 
type of air pollutants (Kamble, 2011). 



Transport pollution can have a significant impact on water quality. For example, emissions from 
the motor vehicles settle on the surfaces and roads as several particles of rubber, oil and other 
pollutants. In the rain, these pollutants are washed out into the surrounding areas. In some cases, 
rainwater may flow through the sewer directly into a river, a lake or a bay, or may contaminate 
groundwater or water in a swamp (Hlaváč et al., 2019). 

1.3 Models and indicators for assessing sustainable development 

In order to assess the situation in the transport sector in the context of sustainable development, it 
is necessary to identify the indicators. The 150 indicators reflect the most important and generally 
accepted global international standards in various fields, contributing to the more responsible 
activities of companies and organizations. There are 23 countries where their governments and the 
authorities of market refer to or recommend the use the Global Reporting Initiative (GRI) in its 
policies and regulatory instruments. The introduction of the EU directive (that also refers to GRI) 
signals the positive influence of the methodology and the need to standardize global accountability 
(Žėkienė, 2019). 

Reporting on the ongoing activities is not only a communication tool for internal and external 
stakeholders of the organization, otherwise, it can act as a management tool that allows to 
systematically implementation of the principles of activity providing for the future goals of the 
activities of the organization (Guidelines of the Report on Social and Environmental 
Responsibility to State Institutions, 2012). 

Another possible model of the accountability of the sustainable development is an environmental, 
social and governance (ESG) method. It is a change of business and the whole world. It also 
encourages creating long-term results that stimulate the value and the growth, while strengthening 
the environment and society. Combining real-world experience with a commitment to change is 
just a new way of thinking and doing business. Representatives engaged in the realization of ESG 
in enterprises are people and technologies focused on finding more important solutions than today 
and creating a transparently brighter future for the future generations (Taliento, 2019). How does 
ESG work? Companies monitor and analyze the ESG in order to make the right decisions of the 
investments. For instance, ESG encourages the introduction of digitalization in companies, a 
comprehensive program in which digital communication touches all aspects of the company, 
including every unit of the business and its function (Du Rietz, 2018). The digital function not 
only allows to do the same work faster – it also saves the environment, facilitates the work of 
employees as well, and, obviously, it is easier to edit or return to the previous work done. The 
performance and benefits of the ESG are evidenced by the data – between 2018 and 2020, the total 
property of the US managed to increase through the ESG strategies (US SIF, 2020). 

The main indicators set by the EU of the sustainable development of transport are the amount of 
energy consumption and the share of GDP generated by the transport sector. However, there are 
several other indicators that assess the development of transport (Barysienė and Speičytė, 2009). 
In order to establish the situation of sustainable development of transport, a list of indicators, that 
were selected taking into account the indicators proposed in the EU documents and the Lithuanian 
National Sustainable Development Strategy, was prepared. According to sustainable development 



dimensions these indicators are grouped into three groups (Table 1) (Sustainable Development 
Indicators, 2018; Transport and Communications, 2021). 

1 Table. Indicators of sustainable development. 

Indicators of environmental 
status 

Indicators of economic development Indicators of social 
development 

Greenhouse gases emitted into 
the atmosphere;  
Amounts of pollutants emitted 
into the atmosphere; 
The highest average annual 
concentration in the air of the 
Lithuanian cities of some 
pollutants. 

Labour productivity in the transport 
sector;  
Share of GDP generated by the transport 
sector;  
Amount of final energy consumed in the 
transport sector; 
Number of passenger cars per 1000 
inhabitants; 
Use of old cars; 
Cargo turnover comparing with GDP. 

The number of the 
road accidents; 
The number of dead 
people in the road 
accidents; 
The number of injured 
people in the road 
traffic accidents. 

Source: compiled by the authors according to Sustainable Development Indicators, 2018; Transport and Communications, 2021. 

In accordance with the EU documents recommending sustainable development indicators and the 
fact that transport is the largest source of CO2 greenhouse gas emissions, the variable (Y) 
dependent of the survey, the amount of 2019 greenhouse gas emissions in the EU countries, was 
selected. The independent variables (X1 - X9) of the transport-related indicators for the EU 
countries that contribute most to CO2 emissions and air pollution in 2019 are passengers’ 
transportation by rail and air; carriage of goods by road, rail, air and the sea; the number of petrol 
and diesel cars and cars per 1000 inhabitants. 

2. Methodology for assessing the sustainable development of the transport sector in the 
European Union 

In 1996, scientists Zavadskas and Kaklauskas developed the COPRAS (Cumulative 
Proportionality Assessment) method (Kildienė, Kaklauskas and Zavadskas, 2011). The basic 
principle of the COPRAS method is that the relative materiality of comparative alternatives in Qi 

is determined on the basis of the positive characteristics of S+i and negative S-i that characterizes 
them. The higher the Qi value, the more the alternative meets the needs of the decision maker. The 
algorithm of the method consists of 6 stages. A cluster analysis will also be carried out to assess 
the sustainable development of the transport sector. The following is a logical diagram of the both 
studies (Figure 1). 



 

Figure 1. The logical sequence of multiple proportionality integrated assessment (COPRAS) and cluster sequence of analytical 
research. 
Source: compiled by the authors according to Tamošaitienė, 2009; Tamašauskas, 2012. 

 
Stage 1. A matrix of solutions is drawn up (formula 1), where the rows denote the examined 
alternatives (m - is the number of alternatives), columns – efficiency indicators (n - number of 
efficiency indicators) by them the alternatives are assessed. The values of significance of the 
indicators performance are calculated. 

 

𝑃 = 𝑥
[ × ]

, (𝑖 = 1, 𝑚 ; 𝑗 = 1, 𝑛) 

(1) 
P is the matrix of the solutions; 
𝑥  - means the value of the indicator i of the alternative j; 
 m – the number of alternatives; 
 n - the number of efficiency indicators. 
 

Stage 2. The P elements of the solution matrix are normalized according to the formula: 

𝑥 =
𝑥

∑ 𝑥
, (𝑖 = 1, 𝑚 ; 𝑗 = 1, 𝑛) 

(2) 

𝑥  - means the value of the indicator i of the alternative j; 

The normalized solution matrix is received   𝑃 = 𝑥
[ × ]

, (𝑖 = 1, 𝑚 ; 𝑗 = 1, 𝑛) 



 

Stage 3. By multiplying the elements of the normalized solution matrix by the significance values 
of the relevant indicators, a weighted normalized solution matrix is obtained   

 𝑃 = 𝑥
[ × ]

, (𝑖 = 1, 𝑚 ; 𝑗 = 1, 𝑛). The elements of the weighted normalized solution matrix 

are then calculated by the formula: 

𝑥 = 𝑥 ∙ 𝑤  

(3) 

𝑥  – means the value of the indicator i of the alternative j; 
𝑤   – the weighted indicator. 
 

Stage 4. The sums of the maximized and minimized indicators S+i and S-i of the i-th alternatives 
in a weighted normalized matrix of the decision are respectively calculated. They are calculated 
according to the formulas: 

𝑆 = 𝑥  

(4) 

𝑆 = 𝑥  

(5) 

𝑥  – the number of indicators to be maximized;  
𝑥  – the number of indicators to be minimized. 
 

Stage 5. The relative significance of alternatives Qi is determined by the formula: 

𝑄 = 𝑆+𝑖 +
𝑆−𝑚𝑖𝑛 ∑ 𝑆−𝑖

𝑚
𝑖=1

𝑆−𝑖 ∙ ∑
𝑆−𝑚𝑖𝑛

𝑆−𝑖

𝑚
𝑖=1

 

(6) 

𝑆 = 𝑚𝑖𝑛 𝑆  

(7) 

𝑄   – the relative significance of the alternatives; 
𝑆   – the sum of the maximum indicators of option i; 
 𝑆  – the sum of the minimum indicators of option i. 
 



Stage 6. A priority line of alternatives is drawn up (we rank alternatives). The higher the Qi, the 
greater the rationality (efficiency) of the alternative (Ustinovich, 2007). The degree of the 
efficiency is calculated according to the formula: 

𝑈 =
𝑄

𝑄_ 𝑚𝑎𝑥  
∙ 100% 

(8) 

𝑈 – the degree of the efficiency; 
𝑄 – the relative significance of the alternatives. 
 
In order to classify the similar objects into the corresponding classes, the clustered analysis is 
carried out. The cluster analysis is quite broad and different and applies in the different areas, no 
exceptions in the field of transport. Clustered analysis refers to a wide variety of numerical data of 
analysis methods for identifying and detecting groups of objects or clusters that are homogeneous 
and different, set and analyzed. The purpose of clustered analysis is to divide different objects into 
the groups (clusters) according to their maximum similarity in the group and the widest possible 
differences from other groups. There is a wide variety of clustering techniques but the work uses 
the hierarchical clustering approach proposed by the SSPS statistical program. Hierarchical 
methods of clustering are grouped into the formation of a cluster tree. The tree is not only a set of 
the clusters, but it is rather a hierarchy of multi-levels where clusters at one level are further 
combined with another one. Hierarchical methods determine the overall structure of the 
interdependencies of all clusters before deciding what number of the clusters is optimal. That 
allows finding out what decision of the level or clustering scale is the most acceptable. 
 

3. Results of the multi-critical complex of proportionality of the assessment method 
(COPRAS) and the analysis of the cluster analysis 

Prior to the COPRAS test, an initial table of data was established. Transport and its activities emit 
the most greenhouse CO2 emissions therefore the statistics of 2019 were selected for the study: 
the number of diesel and petrol cars, freight and passengers’ transportation by air, the sea, rail, etc. 
The statistics were collected from the websites Eurostat and Statista. The first phase of the research 
was followed by the normalization of the research data according to the given formula 2. After 
receiving the normalized data, the calculations were made: the product of normalized data from 
the values of the significance of the relevant indicators was calculated using formula 3 (Table 3). 
Further the relative significance of the alternatives was estimated (Table 4). Finally, an established 
priority line of the alternatives (in this case being analyzed by the EU countries) on how the 
analyzed indicators affect air pollution in the EU countries were provided (Table 5). 

 

 



 2 Table. Normalized study data 

Source: compiled by the author of the work. 

In most multi-criteria decision-making methods, the values of indicators are planned to be 
transformed into non-dimensional sizes. This transformation is carried out using appropriate 
methods (formulas) of normalization (Simanavičienė, 2016). The indicators of some multi-criteria 
methods (COPRAS, TOPSIS) are minimized and maximized by normalization in general. In other 
methods (SAW, VIKOR), the indicators that are minimized and maximized are normalized 
separately (Simanavičienė, 2016). In this analysis, the COPRAS method is used, so the data was 
generally normalized according to the given formula 2 using the SSPS software. 

Table 3. Normalized research data multiplied by weighted indicator 

Source: compiled by the authors. 

Y X1 X2 X3 X4 X5 X6 X7 X8 X9

Greenhouse gas 
emissions per capita 
(1000 tonnes) in 
2019

Passenger cars per 
1000 inhabitants in 
2019

Freight 
transportation by 
road (thousand 
tons) in 2019

Passenger transportation 
by rail in 2019 (million 
passenger-kilometers)

Freight 
transportation by 
rail (thousand 
tons) in 2019

Passenger 
transportation by 
air in 2019 

Freight 
transportation by 
air (tonnes) in 
2019

Freight 
transportation by 
sea (thousand tons) 
in 2019

Petrol-powered 
passenger cars 
in 2019

Diesel-powered 
passenger cars 
in 2019

MIN MIN MIN MAX MAX MAX MIN MAX MIN MIN
Weight 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
Austria 0,042 0,044 0,030 0,031 0,068 0,027 0,016 0,001 0,012 0,033
Belgium 0,048 0,040 0,021 0,024 0,025 0,027 0,094 0,077 0,022 0,029
Bulgaria 0,036 0,032 0,008 0,004 0,009 0,009 0,002 0,009 0,014 0,010
Croatia 0,027 0,033 0,006 0,002 0,007 0,008 0,001 0,006 0,006 0,009
Czech Republic 0,053 0,043 0,037 0,027 0,065 0,014 0,006 0,002 0,027 0,022
Denmark 0,036 0,035 0,012 0,015 0,006 0,026 0,016 0,026 0,014 0,008
Estonia 0,050 0,047 0,002 0,001 0,017 0,002 0,001 0,010 0,004 0,003
Finland 0,045 0,050 0,020 0,012 0,024 0,017 0,013 0,033 0,020 0,009
France 0,031 0,038 0,121 0,242 0,059 0,127 0,160 0,084 0,090 0,196
Germany 0,045 0,045 0,238 0,246 0,233 0,170 0,322 0,082 0,245 0,144
Greece 0,038 0,039 0,026 0,003 0,001 0,042 0,006 0,054 0,035 0,022
Hungary 0,030 0,030 0,015 0,021 0,033 0,013 0,007 0,002 0,020 0,011
Ireland 0,057 0,035 0,012 0,006 0,000 0,028 0,010 0,015 0,015 0,006
Italy 0,032 0,052 0,073 0,138 0,062 0,121 0,071 0,141 0,144 0,167
Latvia 0,027 0,030 0,005 0,002 0,032 0,006 0,002 0,016 0,002 0,004
Lithuania 0,033 0,042 0,007 0,001 0,032 0,005 0,001 0,015 0,003 0,010
Luxembourg 0,091 0,053 0,004 0,001 0,003 0,003 0,060 0,001 0,001 0,002
Netherlands 0,050 0,039 0,051 0,028 0,028 0,061 0,122 0,169 0,056 0,012
Poland 0,047 0,050 0,112 0,054 0,148 0,035 0,009 0,026 0,100 0,073
Portugal 0,030 0,041 0,012 0,012 0,007 0,041 0,012 0,024 0,018 0,029
Romania 0,026 0,028 0,019 0,014 0,035 0,016 0,003 0,015 0,028 0,031
Slovakia 0,033 0,034 0,014 0,010 0,032 0,002 0,002 0,002 0,010 0,018
Slovenia 0,037 0,043 0,007 0,001 0,012 0,001 0,001 0,006 0,004 0,006
Spain 0,032 0,040 0,114 0,071 0,018 0,170 0,054 0,138 0,085 0,129
Sweden 0,023 0,037 0,033 0,036 0,045 0,028 0,011 0,047 0,022 0,017

ES ŠALYS

Y X1 X2 X3 X4 X5 X7 X8 X9 X6

Greenhouse gas 
emissions per capita 
(1000 tonnes) in 
2019

Passenger cars per 
1000 inhabitants in 
2019

Freight 
transportation by 
road (thousand 
tons) in 2019

Passenger transportation 
by rail in 2019 (million 
passenger-kilometers)

Freight 
transportation by 
rail (thousand 
tons) in 2019

Passenger 
transportation by 
air in 2019 

Freight 
transportation by 
sea (thousand 
tons) in 2019

Petrol-powered 
passenger cars in 
2019

Diesel-powered 
passenger cars 
in 2019

Freight 
transportation 
by air (tonnes) 
in 2019

MIN MIN MIN MAX MAX MAX MAX MIN MIN MIN
Weight 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
Austria 0,004 0,004 0,003 0,003 0,007 0,003 0,000 0,001 0,003 0,002
Belgium 0,005 0,004 0,002 0,002 0,002 0,003 0,008 0,002 0,003 0,009
Bulgaria 0,004 0,003 0,001 0,000 0,001 0,001 0,001 0,001 0,001 0,000
Croatia 0,003 0,003 0,001 0,000 0,001 0,001 0,001 0,001 0,001 0,000
Czech Republic 0,005 0,004 0,004 0,003 0,007 0,001 0,000 0,003 0,002 0,001
Denmark 0,004 0,004 0,001 0,002 0,001 0,003 0,003 0,001 0,001 0,002
Estonia 0,005 0,005 0,000 0,000 0,002 0,000 0,001 0,000 0,000 0,000
Finland 0,005 0,005 0,002 0,001 0,002 0,002 0,003 0,002 0,001 0,001
France 0,003 0,004 0,012 0,024 0,006 0,013 0,008 0,009 0,020 0,016
Germany 0,005 0,004 0,024 0,025 0,023 0,017 0,008 0,025 0,014 0,032
Greece 0,004 0,004 0,003 0,000 0,000 0,004 0,005 0,004 0,002 0,001
Hungary 0,003 0,003 0,002 0,002 0,003 0,001 0,000 0,002 0,001 0,001
Ireland 0,006 0,004 0,001 0,001 0,000 0,003 0,001 0,002 0,001 0,001
Italy 0,003 0,005 0,007 0,014 0,006 0,012 0,014 0,014 0,017 0,007
Latvia 0,003 0,003 0,001 0,000 0,003 0,001 0,002 0,000 0,000 0,000
Lithuania 0,003 0,004 0,001 0,000 0,003 0,000 0,001 0,000 0,001 0,000
Luxembourg 0,009 0,005 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,006
Netherlands 0,005 0,004 0,005 0,003 0,003 0,006 0,017 0,006 0,001 0,012
Poland 0,005 0,005 0,011 0,005 0,015 0,004 0,003 0,010 0,007 0,001
Portugal 0,003 0,004 0,001 0,001 0,001 0,004 0,002 0,002 0,003 0,001
Romania 0,003 0,003 0,002 0,001 0,003 0,002 0,001 0,003 0,003 0,000
Slovakia 0,003 0,003 0,001 0,001 0,003 0,000 0,000 0,001 0,002 0,000
Slovenia 0,004 0,004 0,001 0,000 0,001 0,000 0,001 0,000 0,001 0,000
Spain 0,003 0,004 0,011 0,007 0,002 0,017 0,014 0,009 0,013 0,005
Sweden 0,002 0,004 0,003 0,004 0,004 0,003 0,005 0,002 0,002 0,001

ES ŠALYS



After the first step of the research, normalized – non-personalized data of the research was 
obtained. Subsequently, all the data of the research was multiplied by the equal weighted average 
of 0,1. 

Table 4. The relative significance of the alternatives is calculated 

 

Source: compiled by the authors. 

Table 4 shows the calculated sums of the indicators maximized and minimized by option S-j and 
S+j respectively, according to the following formulas 4 and 5. 

Table 5.  A priority line has been drawn up for alternatives 

 

Source: compiled by the authors. 

S-min

Austria 0,013 0,012 0,006 0,018 0,399
Belgium 0,015 0,011 0,014 0,025 0,277
Bulgaria 0,003 0,008 0,003 0,010 0,687
Croatia 0,002 0,007 0,002 0,008 0,863
Czech Republic 0,011 0,013 0,006 0,019 0,373
Denmark 0,007 0,008 0,004 0,012 0,574
Estonia 0,003 0,010 0,001 0,011 0,660
Finland 0,009 0,012 0,004 0,016 0,446
France 0,051 0,019 0,045 0,064 0,111
Germany 0,073 0,033 0,071 0,104 0,068
Greece 0,010 0,010 0,006 0,017 0,422
Hungary 0,007 0,008 0,004 0,011 0,619
Ireland 0,005 0,010 0,003 0,014 0,515
Italy 0,046 0,016 0,038 0,054 0,130
Latvia 0,006 0,006 0,001 0,007 1,000
Lithuania 0,005 0,008 0,001 0,010 0,731
Luxembourg 0,001 0,015 0,006 0,021 0,332
Netherlands 0,029 0,014 0,019 0,033 0,213
Poland 0,026 0,021 0,018 0,039 0,180
Portugal 0,008 0,008 0,006 0,014 0,496
Romania 0,008 0,007 0,006 0,014 0,517
Slovakia 0,005 0,008 0,003 0,011 0,633
Slovenia 0,002 0,009 0,001 0,010 0,719
Spain 0,040 0,019 0,027 0,045 0,155
Sweden 0,016 0,009 0,005 0,014 0,491

S-min/S-i

0,007

S+i S-i(1) S-i(2) S-i

Q Ui Ranking
Austria 0,033 43,590 19
Belgium 0,030 38,543 24
Bulgaria 0,039 50,365 12
Croatia 0,047 61,143 6
Czech Republic 0,030 39,256 23
Denmark 0,037 48,356 15
Estonia 0,037 48,550 14
Finland 0,032 41,443 21
France 0,057 74,237 3
Germany 0,077 100,000 1
Greece 0,032 41,499 20
Hungary 0,039 50,733 11
Ireland 0,032 41,235 22
Italy 0,053 69,045 4
Latvia 0,057 74,757 2
Lithuania 0,043 56,096 7
Luxembourg 0,018 23,504 25
Netherlands 0,040 51,647 9
Poland 0,036 46,473 16
Portugal 0,034 44,464 18
Romania 0,035 45,371 17
Slovakia 0,037 48,671 13
Slovenia 0,039 51,294 10
Spain 0,048 62,212 5
Sweden 0,041 53,550 8



The final result of the COPRAS shows the rank-up of the EU countries according to the impact of 
the indicators assessed on the air pollution. Table 5 shows that the indicators analyzed in the 
transport sector have the most negative impact on the countries occupying the first five places – 
Germany, Latvia, France, Italy and Spain, while Lithuania is in the 7th place. 

The results of the cluster analysis are presented below: 

Table 6. Summary of processed data in the SSPS program 

 

Source: compiled by the authors using the SSPS program 

At the first stage of the analysis of the cluster, a general summary of the analyzed data is obtained. 
As it can be seen from the "N" column in the Table 6, a total of 25 countries of the EU, whose data 
are 100% suitable for continuing the research were analyzed. 

Table 7. Cluster analysis agglomeration schedule 

 

Source: compiled by the authors using the SSPS program 

Table 7 shows the clustering scheme. The column “Stage” specifies the clustering steps. The 
column “Cluster combined” indicates what clusters in what step have been joined, whereas the 
column of “Coefficients” displays the value of the distances between the clusters being joined. The 
distances are calculated on the basis of the selected measure of the distance, in this case the 
measure of Euclid. 



 

Figure 2. Dendrogram of cluster connection 
Source: compiled by the authors using the SSPS program 
 

The final result of the cluster analysis is a dendogram of cluster mergers, that shows the merging 
of the different countries in the EU of the common clusters, according to the similar impact of the 
identified indicators (used in the COPRAS method) on each country. From the dendograms 
provided in the Figure 2 it could be seen that the EU countries examined in the cluster analysis 
were divided into two main clusters. A more detailed analysis of the study will be provided below. 

Limitations of the study are that it is selected to analyze all the EU countries in this paper, but two 
countries Malta and Cyprus are excluded due to the lack of statistics (rail transport is not available 
in these countries). The significance of the indicators of the multi-criteria complex proportionality 
assessment (COPRAS) is the same 0,1. The weighted average is calculated by dividing the number 
of the all analyzed indicators by 1 (in this case: 1/10 (indicators) = 0.1). This is necessary to ensure 
that all the data of the research is comparable and equally relevant to the continuation of the 
research.  

4. Discussion  

According to the multi criteria method of complex proportionality assessment (COPRAS) and 
taking into account Ustinovičius (2007) statement that "the higher the relative significance of the 
alternatives (Qi) the higher the rationality (efficiency) of the alternative", the results of the research 
will be further analyzed. 

The largest Qi is in Germany Qi = 0,077, in the second place there is the neighboring country of 
Lithuania – Latvia (Qi = 0,057), the third is France, although Qi is the same as in Latvia (Qi = 
0,057), the fourth is Italy (Qi = 0,053), the fifth is Spain (Qi = 0,048), while Lithuania is in the 
seventh place among all countries in the priority order, with of Qi = 0,043. Taking into account the 
results obtained, it can be said that the air pollution in the countries above (in terms of the 
greenhouse gas emissions) is the highest due to the significant impact of the transport: the amount 



of the cars; the freight of the road transportation; the transportation of passengers and freight by 
rail and by air; freight transport by the sea and petrol/diesel cars. 

The analysis of the air pollution, that is heavily influenced by the transport sector, in the EU 
countries, has established that the results of the COPRAS are statistically significant. According 
to the research Germany, Latvia, France, Italy and Spain are ranked from the first to the fifth, as 
being the largest EU countries in terms of the area and population. In accordance with the statistics 
provided by the Eurostat website in 2019, France, Spain and Germany are the largest by the area, 
while Germany, France and Italy are the countries with the most population. Therefore it is 
reasonable to assume that the countries with the largest area and population are the largest 
passenger cars (574 per 1000 inhabitants in Germany, 482 in France, 663 in Italy)(Appendix 1) 
users, and ones of the mainly transported cargo are (the road freight (in thousands of tons)) 
Germany – 3208232, France 1634946 and Italy – 978883) Appendix 1), and passengers in various 
modes of transport as well, and the majority of cars are powered by diesel or petrol, as a result, the 
air pollution is the highest. Reducing the air pollution must be a matter of each state, but taking 
into account the results of the received data, the following countries such as Germany, Latvia, 
France, Italy and Spain should pay special attention to solving this problem, that poses a threat to 
public health. 

The results of the cluster analysis given in the Table 7 show the process of the cluster connection. 
There are 25 elements used, that are combined in 24 steps. From the cluster combination columns 
in Table 6 there is seen what items have been joined. That is obvious that, by the first step the 
elements 15 and 16 are connected, by the second step the elements 7 and 17, by the third 3 and 4, 
and so on. From the Figure 2 where the dendograma of the cluster analysis is shown, it can be seen 
that the results obtained are divided into the two main clusters. The first cluster consists of: 15; 16; 
3; 4; 7; 17; 22; 23; 5; 12; 8; 21; 13; 25; 1; 2; 6; 11; 20; 19 and 18. It means that the following 
countries are combined into the first cluster: Latvia, Lithuania, Bulgaria, Croatia, Estonia, 
Luxembourg, Slovakia, Slovenia, the Czech Republic, Hungary, Finland, Romania, Ireland, 
Sweden, Austria, Belgium, Denmark, Greece, Portugal, Poland and the Netherlands. The second 
cluster consists of: 9; 14; 10 and 24. This means that the following countries are combined into the 
second cluster: France, Italy, Germany and Spain. 

Comparing the studies carried out according to the multi-criteria complex proportional assessment 
method (COPRAS) and the cluster analysis, it can be said that the results of both studies are 
statistically similar. In the ranking table obtained according to the COPRAS method, the top places 
are occupied by: Germany, Latvia, France, Italy and Spain, and according to the results of the 
cluster analysis, the following states France, Italy, Germany and Spain also fall into the second 
cluster. Analyzing the Figure 2 it can be seen the combinations of the clusters between the above 
countries: France, together with Italy is combined into a pair; Germany together with Spain forms 
a combination of clusters, and Germany is also merged with France. 

The analysis of the results of the studies suggests that the studies are statistically significant, and 
the results obtained confirm that the following countries: Germany, Latvia, France, Italy and Spain 
have the highest air pollution and urgent actions should be taken to solve the problem. 



Conclusions 

1. The sustainable development is defined through the relationship between the present and the 
future, modern and future generations. The starting point may be the present that is the expansion 
that satisfies the well-being of people in the present, ensuring the possibilities of no worse well-
being for the future generations, or the future that takes the desire to ensure the well-being of the 
future generations by balancing economical, ecological and social development in the present. 
Taking into account that the transport sector makes a significant contribution to the economical 
growth of the countries but it is also the largest source of the air pollution, it is necessary to promote 
the sustainable development in this sector. 

2. Research methodology, consisting of a multi-criteria method of the complex proportional 
assessment (COPRAS), which is particularly appropriate when it comes to finding a single solution 
that must meet several different or sometimes contradictory criteria, and cluster analysis that is a 
method designed to identify homogeneous groups of objects or properties in the absence of 
information on the belonging of the part of the objects being investigated to a specific class, was 
developed. 

3. For the COPRAS research there was set the initial data table that consisted of 25 alternatives 
(EU countries) and 10 criteria for assessing the alternatives. The investigation showed that the 
highest relative significance and the degree of usefulness of the alternatives are in Germany, 
followed by Latvia in the second place and France in the third place. According to the results of 
the research, the above mentioned countries face the air pollution problems that are influenced by 
the identified indicators of the transport sector. 

4. The Cluster analysis has shown that all 25 alternatives are statistically significant and can be 
further interpreted. There was no data that was irrelevant. The results of the study showed that the 
data was divided into the two main clusters. The first cluster includes the 21 of the 25 analyzed 
countries, among them there is Lithuania, Latvia, Estonia, Belgium and etc. The second cluster 
includes the same countries France, Italy, Germany and Spain as in the study they have the highest 
rankings according to the COPRAS method. These countries are paired together in the analysis of 
the cluster, what indicates a similar interrelationship. 
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