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Abstract. With the omnipresent influence of mankind around the world, controlling resource use and pollution are
key factors in the progress toward sustainability in all sectors. These considerations appear in international and Euro-
pean policies, but there remains a need to make these policies suited to local conditions. This article aims to present a
method of analysis for the transport sector that could prove useful for identifying the similarities and differences in the
current state and historical development of transport systems in EU Member States.
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Introduction

Human activity, despite being present for but the brief,
most recent period in our planet’s history, is now shaping
Earth more than any other geological factor, as human
dominance affects almost all biological systems (Fig. 1).

This fundamental reality has even given rise to new
terms in measuring geologic time, calling where we cur-
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Fig. 1. Average atmospheric CO, and average Earth
temperature complex time series (Torok 2009)

rently are the ‘Anthropocene’ (Liao et al. 2012). This is
the dominance of man - an epoch that started with the
industrial revolution which has led to an exponential
growth of human impact around the planet, and bring-
ing about an unprecedented increase in human popula-
tions (from 1 billion to 7 billion) (Lee 2011). A large
part of this boom was literally fuelled by oil, as the use
of fossil fuels has enabled new methods for producing,
transporting and consuming goods, but also releasing
enormous amounts of pollution and greenhouse gases
into the atmosphere (Fig. 2).

Authors are aware of the historical changes in the
area of EU. In order to understand the changes over
time, authors have investigated all EU-27 countries
through time series data from 1991, irrespective of their
Member State status. The data analysed in such a way
not only shows differences between Member States and
countries outside the EU, but also shows the effects of
implementing EU policies.

With the extended lifespan that modern health
care provides (that also increases the time spent with
less than full health, increasing the need for transport
services) (Shroufi et al. 2011) and unrelenting global
economic growth, our resource use is sharply rising -
a clear indication that the Anthropocene requires new
approaches and tools in all areas. The transport sector is
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Fig. 2. Total energy consumption by sector in the EU-27
region, 1991-2009 (EEA 2009, 2011)

no exception, as a considerable share of costs occurs as
externalities — integrated strategies and coordinated ac-
tions are necessary to minimize these costs (Csete, Hor-
vath 2012). Responsibility for a portion of both parts of
the equation (pollution and externalities vs. economic
growth and standard of living), is one of the focus ar-
eas for policy intervention in the European Union and
around the globe. The challenge is great: any successful
policy must be stringent enough to achieve results, but it
must also be sufficiently realistic in terms of what it can
achieve so as not to hinder economic growth, especially
in the current crisis. But, perhaps the greatest challenge
of them all is to somehow reconcile the fundamental dif-
ferences between countries and their respective trans-
port systems while maintaining a uniform set of objec-
tives and tools. This article aims to provide a basic tool
to monitor the development of passenger transport in
different countries using readily available statistical data
so that future strategies can be formulated in a way that
takes regional differences into account.

1. Methodology

In order to form convergent groups, investigated coun-
tries have been clustered based on their average trans-
port-related CO, emissions, rate of motorization and
the development of emissions per passenger car unit. In
order to determine which clusters should be combined,
(in this case, authors have used agglomerative cluster
analysis) a measurement of dissimilarity between sets of
observations is required. Authors have defined a dissimi-
larity matrix with the Euclidean metric (a measure of
distance between pairs of observations) that specifies the
dissimilarity of investigated countries (Chari et al. 2012).

Further, on the emissions of the transport systems
of analysed countries have been investigated to deter-
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mine development trends in each cluster. Investigated
datasets were motorization rate (in this instance ex-
pressed as PCU/person) and specific annual emissions
per Passenger Car Unit (PCU). Plotting these indica-
tors on an XY diagram, the development trends become
clear and clusters can be compared. Being aware of
these trends on a European level is important because
strategies can be adapted to reflect the situation in each
country. For data input, authors have used the dataset
provided by the European Environmental Agency (EEA
2009, 2011) for CO, emissions (ton CO, per capita) and
the rate of motorization (passenger car unit per capita)
by Eurostat (http://epp.eurostat.ec.europa.eu). Due to
constraints in available space, the aggregated database is
not included in the text, having 81 rows and 20 columns.
Authors have calculated and investigated the develop-
ment of the emission factor of passenger car units in
different countries:

()=, (1)

m(t)

where: 6 — emission factor of passenger car unit [tCO,/
PCU]J; € - country specific emission factor [tCO,/per-
son]; m - rate of motorization [PCU/1000 inhabitants];
t — year of analysis.

Authors have used the aggregated data of Eurostat
(http://epp.eurostat.ec.europa.eu). According to their
definition: “Vehicle stock of passenger cars, light and
heavy duty trucks, buses/coaches and two-wheelers are
summarized as follows: one car is considered as a sin-
gle unit, cycles, motorcycles are considered as half a car
unit. Buses, trucks cause a lot of inconvenience because
of their large size and are considered equivalent to 3 cars
or 3 PCU’ These aggregated numbers were divided by
population. 83 % of transport energy is consumed by
road transport. This mode remains by far the largest
single emitter. According to the European Environment
Agency (EEA 2009, 2011), 93 % of greenhouse gas emis-
sions from transport came from road transport in 2004.
Let us assume that dataset can be described as a set of
3D vectors:

v; (emi, mot, t), (2)

where: v; - vector of emission, motorization and time;
emi — emission factor of PCU [tCO,/PCU]; mot - rate of
motorization [PCU/person]; ¢ - year of analysis

According to the database, the impact of transit
vehicle flows could not be calculated as the number of
registered vehicles and emissions are country-specific.
For further analysis, v; vectors should be converted from
the Cartesian coordinate system to a polar coordinate
system, as shown:

(vi( = (emi2 +mot2); (3)
o= arctg[:q—n(;:j. (4)

From that the v; vector, the polar coordinates will
be as follows:
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vi(|v,-|,oc,t), (5)

where: |vi| - Euclidian length of vector i [-]; o — angle
between vector i and the horizontal axis [°].

Authors have cross-checked the cluster analysis of
the dataset on the basis of polar coordinates and found
no significant differences.

2. Results

From the dissimilarity matrix, with the help of SPSS
(Statistical Package for the Social Sciences), a den-
dogram has been built (Fig. 3). It is worth noting that
Luxembourg has been disaggregated from any group for
the sake of consistency as its indicators are far above
that of any other country. With the omission of Luxem-
bourg, 4 different clusters, or groups of countries have
been identified, creating a base of analysis for further
investigation (Fig. 3).

As it can be seen, four different groups have been
created. The first group (Group I) contains countries that
used to have very low rate of motorization and consider-
able transport related CO, emissions (e.g. Hungary, Slo-
vakia). These countries have seen significant evolution
in recent years (Fig. 4) in both dimensions.

The overall impact of the transport system is these
countries could be decreased through the use of taxes
(such as the introduction of the registration tax in Hun-
gary), while external impacts, such as the economic cri-
sis, have also had significant effect (IRU 2009).
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Fig. 3. Dendogram of the cluster analysis
(source: own compilation)

The second group (Group II) contains countries
where specific emissions are decreasing, but the motori-
zation rate is sharply increasing (our analysis has shown
Lithuania to be such a country); the renewal of the vehi-
cle fleet will prove more effective to mitigate the overall
impacts of the transport system (ITF 2011) (Fig. 5).

For countries in the third group (Group III), mo-
torization rate has already stabilized and huge effort has
been made to pursue environmental protection (such as
Sweden, Finland or Austria), necessitating a different set
of measures for this group (Fig. 6).
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Fig. 5. Development tendencies in Group II
(source: own compilation)



Transport, 2014, 29(1): 12-17

Development trends, Group Il (1991-2009)

15

Table. Comparison of deviance in polar coordinates
(source: own compilation)
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(source: own compilation)

The fourth group (Group IV) shows significant de-
velopment in the transport sector with a less significant
evolution in environmental protection for the last two
decades (Fig. 7).

3. Analysis

To take the analysis further, it is useful to convert to po-
lar coordinates introducing the angle with the horizontal
axis and Euclidean vector length (Eq. 5). The evolution
of countries has been analysed based on the difference
in angle and vector length as a function of time (Table).

In the Table, the country with the greatest change
in the assessment period has been considered as 100%,
and all other countries have been expressed as a percent-
age of that value.

Please note that the average deviance in vector length
compared to the longest vector is 14.4%. The average de-
viance in the angle between the different vectors and the
horizontal axis compared to the biggest angle is 33.8%.

The method introduced above is useful for tailoring
transport policy to groups of countries in the EU to
maximize policy effectiveness. Authors have adapted the
BCG matrix to the transport sector based on the dataset.
The BCG model is a well-known portfolio management
tool. Authors have designed an environmental BCG ma-
trix to distinguish between clusters (Fig. 8). First, au-
thors have investigated the historical penetration of road
vehicles. This is described by the blue arrows. Second,
the clusters were placed in the matrix.

Based on our cluster analysis, the transport man-
agement tools suited for the different groups are the fol-
lowing:

- Dogs (Group I) - following European vehicle stand-
ards, the potential for these countries lies in curbing
the continued increase in motorization. Measures
such as registration tax, congestion charge, parking
regulations, and other fiscal measures could be used
effectively (Beck et al. 2011; Szendr6 2011). The evolu-
tion possibilities for the cluster are described by green
arrows.
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- Question marks (Group II) — because of the fast pace
of increasing motorization, these countries could use
measures to encourage the renewal of the vehicle fleet,
increasing the attractiveness of alternative transport
modes and fuels (Szlavik, Csete 2012). However, it
has become clear that alternative fuels (especially Ist
generation) also have limits with respect to their sus-
tainability (Szendré 2010). They have a high potential
to become stars.

— Stars (Group III) - the countries in this group are
mostly stagnating, having reached a kind of social
equilibrium. In order to move away from this state,
awareness raising, changing behaviour, environmen-
tal consciousness and other social aspects should be
considered (Cooper 2007), since these countries have
already reached a mature state of motorization and
have implemented measures to minimize impacts
from high levels of automobile dependence.

- Stars (Group IV) - these countries are economically
developed, and measures that are most effective when
there is a good and advanced approach to transport
can be applied, e.g. car sharing, car pooling, etc. (Park-
er et al. 2011).

Notwithstanding the necessity for a common Eu-
ropean vision on curbing the emissions of the transport
sector, the need to acknowledge regional differences in
the current status and the most efficient tools cannot be
denied. The caution for social and economical differ-
ences need to be considered and require further analy-
sis in the topic of road transport-related environmental
management tools.

Identifying the most effective measures requires
knowledge of the situation in each country. The pre-
sent article aimed to provide one method of analysis for
identifying the right tools to be adapted to maximize
effectiveness of environmental protection in road trans-
portation.

With the tools tailored to specific needs, it will be-
come easier to meet the goals set out in the White Paper
and the Climate and Energy Package, contributing to a
more sustainable transport system for Europe. It is one
of the important visions of the European community for
the decades to come with its barriers and pitfalls that
need to be investigated.
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