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ABSTRACT: The transport sector plays a fundamental role in the European Union economy
and its efficiency is fundamental to strengthen the region’s environmental and economic
performance. Unfortunately, the sector still remains heavily dependent on oil resources and
is responsible for a large part of the air pollution. The European Union has been promoting
various initiatives towards sustainable transport development by setting targets in the sector
such as the ones proposed in the 2011 White Paper on transport. Under this context, this study
aims at evaluating the environmental performance of the transport sector in 28 European Union
countries, from 2015 to 2018, towards the policy agenda established in the strategic documents.
The assessment of the transport environmental performance is made through the aggregation
of seven sub-indicators into a composite indicator using a Data Envelopment Analysis technique.
A variant of the Benefit of the Doubt model is used to determine the weights to aggregate the
sub-indicators. The results obtained indicate that the European Union countries have been
improving their transport environmental performance in the last two years of the time span
under analysis, i.e., 2017 and 2018. Regarding the inefficient countries, results suggest they
should improve the transport sustainability mainly by drastically reducing the greenhouse gas
emissions from fossil fuel-based propulsion, increasing the share of freight transport using rail
and inland waterways and also the share of transport energy from renewable sources.

RESUMEN: El sector del transporte tiene un papel fundamental en la economía de la Unión
Europea y su eficiencia es fundamental para fortalecer el desempeño ambiental y económico
de la región. Desafortunadamente, el sector sigue dependiendo en granmedida de los recursos
petroleros y es responsable de una gran parte de la contaminación del aire. La Unión Europea ha
venido impulsando varias iniciativas hacia el desarrollo del transporte sostenible estableciendo
objetivos en el sector como los propuestos en el White paper on transport. Este estudio tiene
como objetivo evaluar el desempeño ambiental del sector del transporte en 28 países de la Unión
Europea, de 2015 a 2018, hacia la agenda política establecida en los documentos estratégicos.
La evaluación se realiza mediante la agregación de siete sub-indicadores en un indicador
compuesto utilizando un enfoque de Data Envelopment Analysis. Los resultados adquiridos
indican que los países de la Unión Europea han estado mejorando su desempeño ambiental del
transporte en los últimos dos años del período analizado, 2017 y 2018. Con respecto a los países
ineficientes, los resultados sugieren que deberían mejorar la sustentabilidad del transporte
principalmente reduciendo drásticamente las emisiones de gases de efecto invernadero de
la propulsión basada en combustibles fósiles, aumentando la participación de transporte de
mercancías que utiliza ferrocarril y vías navegables interiores y también la parte de la energía
de transporte procedente de fuentes renovables.
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1. Introduction

The interest in sustainability and sustainable development
has been increasing in the past decades. The rapidly
growing population of the cities, their aging infrastructure
and the environmental concerns continue to challenge and
pressure policymakers. The provision of infrastructures
and services to allow safe, quick and sustainable mobility
of people and goods is increasingly challenging [1]. This
implies the investment in improving the quality and
sustainability of the transport system, which leads to
an increase in productivity, attractiveness, and quality
of life in the cities. Therefore, the transport sector has
become one of the main subjects that promote sustainable
development.

The transport sector plays a fundamental role in the
globalized economy by providing an exchange of goods
and services to citizens, and its demand is closely linked
to economic growth [2]. By 2017, the transport sector
employed more than 11 million people directly, around
5% of the total workforce, and its activities accounted for
about 5% of Europe’s Gross Domestic Product (GDP) [3].
Between 2010 and 2050, passenger transport activity is
expected to grow by 42% and freight transport activity by
60% [4].

Unfortunately, the EU transport sector still remains heavily
dependent on oil resources and, therefore, it is responsible
for a large part of the air pollution. Figure 1 shows the
variation of CO2 emissions from different sectors from
1990 to 2017, using 1990 as the base year. Contrary to the
other sectors that have been reducing their emissions,
the transport sector has been increasing these emissions
in the last years. In 2017, the greenhouse gas (GHG)
emissions from the transport sector reached 22% of the
total European GHG emissions and 27% when including
international aviation and maritime emissions [5].

 

Energy Industries - Industry (1) - Transport (2) - Residencial & Commercial -

Agriculture, Forestry, Fishery (3) - Other (4) - Total

 

Figure 1 CO2 emissions from the EU-28 (by sector) [6].
(1) Related to manufacturing and construction, industrial

processes and product use. (2) Excluding international maritime
transport. (3) Related to fuel combustion and other emissions
from agriculture. (4) Related to fugitive emissions from fuels,

waste, indirect CO2

Since the transport sector is a key factor in the European
economy, reducing its pressure on the environment is
critical to achieve long-term sustainability [5]. Investments
in low-emission mobility is an important step to achieve
a low-carbon, circular economy that meets the mobility
needs of people and the transport of goods [7].

Under this scenario, the European Commission’s White
Paper on transport - Roadmap to a Single European
Transport Area – Towards a competitive and resource
efficient transport system, in 2011 [8], identified the
main challenges in the EU transport sector and proposed
strategies for deep changes in the European transport
sector aiming at a more sustainable and efficient system.

The adoption of the United Nations’ Sustainable
Development Goals also provided new targets to address
transport sustainability. These goals address global
challenges in several areas such as poverty, inequality,
and climate change, in a total of 17 goals to be achieved
in 2030 [9]. Improvements in the transport sector are very
important for achieving many of these goals as several of
them are related to transport sustainability. These targets
were also highlighted in [10], some of which are directly
related to the transport sector while others are related to
areas where transport has an important impact, such as
energy consumption and emissions.

The sustainable development of the transport sector
has been put on the agenda of EU countries, making
it clear the necessity of measuring and assessing the
current transport sustainable performance towards
achieving these targets. It also highlights the importance
of analyzing sustainable transport planning, as transport
policy and planning decisions can have diverse and
long-term impacts on sustainable development. A critical
component of sustainable transport planning is developing
a comprehensive evaluation program that assesses the
transport performance based on an appropriate set of
sub-indicators [11].

Sub-indicators are increasingly being used to measure
and assess the sustainability of transport for each EU
country. Their use is fundamental to make these targets
operational and define the actions needed to achieve them.
Even though sub-indicators are useful tools, they also
have their limitations; for instance, a single sub-indicator
cannot provide a complete description of a multi-faceted
phenomenon [12]. The sustainability of the transport
sector in each EU country is a multi-faceted subject and
its assessment requires the use of many sub-indicators.
However, the analysis of several sub-indicators is
complex for decision-makers, as a joint interpretation is
difficult. The best approach is to aggregate the individual
sub-indicators for each country into a single index, the
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composite indicator (CI). The CI is a practical approach that
allows summarizing, compare and track the performance
of the countries. It allows the measurement of complex
and multi-faceted issues that cannot be completely
captured by individual sub-indicators analysis [13].

In order to fulfill this objective, this study aims to calculate
a CI based on the Data Envelopment Analysis (DEA)
technique to measure the environmental performance of
the transport sector in the EU countries, from 2015 until
2018, towards a more sustainable mobility. This work is
an extension of a previous one made in [14] by increasing
the time span under analysis, including now data from
2018. To aggregate the different sub-indicators into the CI,
a variant of the Benefit of the Doubt (BoD) model is used,
as proposed in [15].

This paper is organized as follows: Section 2 presents
a literature review on the construction of the composite
indicator and the variant of Benefit of the Doubt model
proposed in [15]. Section 3 describes the sub-indicators
selected to compose the CI. Section 4 analyses the data
used and the CI results obtained. Finally, the conclusions
from this work are presented in Section 5.

2. Literature review

2.1 Composite indicators

Composite indicators have been considered a useful
method to synthesize masses of data, benchmark
countries’ performance in relation to desirable states,
demonstrate progress towards goals and communicate
current status to stakeholders, which leads to effective
management decisions towards the established
targets [13]. The essential purpose of the CI is to
summarize a complex, multi-faceted phenomenon in
wide-ranging fields, e.g., environment, economy, society
or technological development, enabling the performance
comparison of several countries or the evolution of a
country over time [16]. It is also a recognized tool for
public communication since it provides a big picture of
a subject, facilitating its interpretation by the general
public rather than identifying common trends across
many sub-indicators [17]. Some well-known composite
indicators are the Human Development Index (HDI), that
ranks countries based on life expectancy, education, and
per capita income sub-indicators; and the Environmental
Performance Index (EPI), which uses 32 sub-indicators to
evaluate the state of sustainability of the countries [18].

The CI comprises several individual sub-indicators
that measure different aspects with usually no unit
of measurement in common. The sub-indicators are

summarized into a single index on the basis of an
underlying model [17]. Considering m sub-indicators,
for each country j, yij(i = 1, ...,m), the CI is calculated
according to the general expression presented in (1).
When aggregating the sub-indicators i in a composite
indicator, it is necessary to assign weight wi to each of
them according to the underlying theoretical framework.
Thus, the sub-indicators are aggregated into CIj which
enables the evaluation of the performance of country j
with respect to allm sub-indicators.

CIj =
m∑
i=1

wiyij (1)

The subjective judgment about the relative worth of each
sub-indicator is modelled through the weight assigned
to it [16]. The weight reflects the significance of the
sub-indicator and assigns a value to it in relation to the
others. The weights definition usually has a great impact
on the aggregation results [12].

The weights attributed to the sub-indicators can be derived
through different methods [17]. The easiest and most
common approach is to use equal weights. However,
as will be further discussed, not all units agree to be
evaluated with equal weights since each of them has
different characteristics and preferences. The weights
can also be based on opinions, such as experts judgment
or public opinion poll results. Finally, the third method,
to avoid the subjectivity in the determination of the
sub-indicators’ weights is to derive them endogenously.
This can be preferentially attained by the statistical
method, such as the Principal Component Analysis/Factor
Analysis, and the deterministic method, such as the Data
Envelopment Analysis.

2.2 Data Envelopment Analysis

The DEA is a non-parametric method proposed by
Charnes et al. [19], that evaluates the relative efficiency
of several decision-making units (DMU) based on linear
programming. The DMU is the entity under assessment
that uses multiple inputs to produce multiple outputs.
The flexibility in the definition of the DMU allows it to
be used on a wide range of applications [20]. Therefore,
DEA measures the relative efficiency of each DMU, given
observations on inputs and outputs values in a set of
similar entities, without knowledge of the parametric
production function [16, 21]. By comparison with the best
practices frontier, the DEA model enables to select the
weights that are the most advantageous for DMU under
assessment [13]. This means that the weights are derived
from the data itself, avoiding a priori assumptions and
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computations involved in fixed weight choices [20].

As a by-product of DEA, each DMU is classified as efficient
or inefficient. The linear combination of the efficient DMUs
creates the best practices frontier used as a reference
to calculate the efficiency of each DMU based on its
distance to the frontier. The efficient DMUs on the frontier
have an efficiency score equal to 1 (or 100%) and are the
benchmarks. While the DMUs outside the frontier, the
inefficient ones, have an efficiency score less than 1. The
envelopment part of the DEA comes from this property
since the frontier is said to “envelop” the observed DMUs.
DEA can also be used to rank the DMU based on their
efficiency for a given mix of inputs and outputs observed
[20].

The DEA enables to measure the DMUs efficiency in terms
of Pareto-Koopmans concept, which is obtained when
an increase in any output requires a decrease in at least
another output or an increase in at least another input,
or when a decrease in any input requires the increase of
at least another input or the decrease in at least another
output [19].

Thus, DEA is a popular method in the CI literature as
it can solve the problem of subjectivity in the weighting
procedure. Another well-known property of the original
DEA model is its unit invariance. This is very interesting
for the construction of CI as its final value is independent
of the measurement units of the sub-indicators, which
in turn makes the normalization stage redundant and
unnecessary [22].

2.3 Benefit of the Doubt model

The Benefit of the Doubt (BoD) model, as proposed in
[16] is one of the currently widely used DEA models for
constructing CI [15]. This model is equivalent to the
original DEA input-oriented model, with all sub-indicators
considered as outputs and a single dummy input equal
to one for all countries. The dummy input can be
understood intuitively by regarding the model as a tool
for aggregating several sub-indicators of performance,
without referencing the inputs that are used to obtain this
performance [23]. Since the BoD model only includes
outputs, it measures the country’s performance rather
than its efficiency.

As stated before, the objective is to aggregate the
individuals sub-indicators (the outputs) for each country
into a single composite indicator defined as the weighted
average of m sub-indicators. Given a cross-section of
m sub-indicators and s countries, with yij being the
value of sub-indicator (or output) i for the country j,

and wi the weight attributed to the i-th sub-indicator.
These weights are endogenously calculated using the BoD
model (2) for each country under evaluation j0. Thus,
the optimum weights wi differ from unit j to unit j, each
unit corresponds to a given country in a given year. The
CI is computed for each country j0, through the model
presented in (2).

CIj0 = max

m∑
i=1

wiyij0

s.t.

m∑
i=1

wiyij ≤ 1 ∀j = 1, ..., s

wi ≥ 0 ∀i = 1, ...,m

(2)

For each DMU under evaluation, the model chooses the
wi for each sub-indicator yij0 that maximizes its CIj0
score. The core idea is as follows: if a sub-indicator has
a good relative performance it suggests that this country
views this policy dimension as relatively important, so it
deserves a higher weight. The opposite is also valid, i.e.,
a sub-indicator with a low relative performance indicates
lower importance attached by the country in that context;
therefore it receives a lower weight. Consequently,
countries cannot claim that poor relative performance is
due to a harmful or unfair weighting scheme, as the model
(2) maximizes the CI for each country under assessment
[16].

The model (2) has two kinds of restrictions. The first
restriction imposes that no country can have a CI value
greater than one, to ensure an intuitive interpretation of the
indicator. The second restriction imposes that each weight
attributed to the sub-indicators should be non-negative,
which implies that the CI is a non-decreasing function of
the sub-indicators. Consequently, the CI value obtained
varies between zero and one for each assessed country j0,
where higher values indicate a better relative performance
[22].

In fact, the conventional BoD model derives the composite
indicator by aggregating forward sub-indicators, which
capture the positive aspect of a performance, where
their increasing values are desirable. Frequently, the
performance assessment has to handle with anti-isotonic
sub-indicators, which capture the negative aspect
of a performance, where their increasing values are
undesirable. There are many sub-indicators that fall in
this category, for example, emission of a pollutant, traffic
accidents, crime rate, among others. These sub-indicators
need to be transformed before being incorporated in the
conventional BoD model and treated as the forward
sub-indicators [15].

Previous approaches used to deal with these anti-isotonic
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sub-indicators are the use of data transformationmethods
and directional distance function models. One of the most
common data transformation methods is the inversion
of the value of the anti-isotonic sub-indicator [24]. The
subtraction of the sub-indicator from a sufficiently large
constant and the rescaling normalization using the
maximum-minimum method are also approaches that
can be found in the literature. Some of these methods
are presented and compared in [25] and [26]. Even
though these transformation methods are simple, they
can be problematic. Since the BoD model is derived from
an input-oriented DEA model with constant returns to
scale, it is not translation invariant for the output values.
This means that, the use of translated or rescaled data
will affect the CI results and, consequently, the ranking
of the DMUs [15]. To avoid the transformation of the
anti-isotonic sub-indicators, a new BoD model has been
recently suggested [15], which directly incorporates the
anti-isotonic sub-indicators in the CI. In the present study,
thismodel is shortened by the authors’ names initials Färe,
Karagiannis, Hasannasab and Margaristis, i.e., FKHM
model. This model treats the anti-isotonic sub-indicators
as reverse rather than as undesirable. This means that
the model assumes that the reverse sub-indicators values
can decrease or increase independently from the values of
forward sub-indicators.

Given a cross-section ofM sub-indicators and s countries,
yij is the value of sub-indicator i for the country j, and
wi is the weight attributed to the i-th sub-indicator. The
formulation for the FKHMmodel is presented in (3), where
yij (j = 1, ...,m) are the forward sub-indicators (i.e.,
capturing positive aspect) and yij (j = m + 1, ...,M ) are
the reverse sub-indicators (i.e., capturing negative aspect).

CIj0 = max

m∑
i=1

wiyij0 −
M∑

i=m+1

wiyij0

s.t.

m∑
i=1

wiyij −
M∑

i=m+1

wiyij ≤ 1 ∀j = 1, ..., s

wiyijo∑m
i=1 wiyij0 +

∑M
i=m+1 wiyij0

≥ 0.05 ∀i = 1, ...,M

wi ≥ 0 ∀i = 1, ...,M
(3)

The main difference from the FKHM model to the
conventional BoD model (2) is that (3) maximizes the
difference between the weighted average of forward
sub-indicators and the weighted average of reverse
sub-indicators. Additionally, the presence of forward
sub-indicators does not imply the presence of reverse
ones. Thus, when there are no anti-isotonic indicators,
model FKHM can be reduced to the formulation of the
conventional BoD model [15].

The model (3) also incorporates a third restriction, the
sub-indicator share restriction. It prevents the model
from assigning zero weights to some sub-indicators,
since zero weight means that the sub-indicator associated
has no influence on global performance. By adding a
sub-indicator share restriction, as proposed by [27], each
sub-indicator is required to have a minimum percentage
of contribution in the assessed composite indicator. It
was defined that each sub-indicator share should have
a contribution of at least 5%, α =0.05. This value was
chosen as it was sufficient to prevent the attribution of
zero weights at any sub-indicator, thus, guaranteeing
the contribution of all sub-indicators in the final CI
and increasing the countries’ discrimination in the
performance assessment. The usual value for α =0.10
found on literature was not used, as this value ends
up penalizing countries under-performing in a single
sub-indicator, and, in these conditions, very few countries
in the data set would be efficient.

3. Methodology

This paper intends to assess the transport environmental
performance of EU countries through the aggregation of
sub-indicators into a CI using the FKHM model (3). As the
CI consists of the aggregation of several sub-indicators,
their selection is of crucial importance to compute the
overall performance. The proposed composite indicator is
developed with the intention to achieve a balance between
what is necessary to support a sustainable transport
assessment and the available data for EU countries.

3.1 Data and variables

The selection of the sub-indicators was based on
a literature review of CI with a similar conceptual
framework, the goals of transport sustainabilitymentioned
in the EU’s White Paper (Roadmap) [8], the Sustainable
Development Goals [9], and the available data for all the
EU countries in the time span under analysis. Besides,
each sub-indicator must be of easy interpretation and
should measure a specific dimension of the performance,
ensuring a minimal number of sub-indicators that assure
that the most important dimensions are reflected in the
calculation of the CI. All the data used in this work were
gathered from the Eurostat database [28].

To assess the transport environmental performance of EU
countries, the CI was constructed based on three forward
sub-indicators (i.e., capturing positive aspect) and four
reverse sub-indicators (i.e., capturing negative aspect).
The forward sub-indicators are the share of buses and
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trains in total passenger’s transport, the share of energy
from renewable sources in transport and the share of
rail and inland waterways in total freight transport. The
reverse sub-indicators are people dead in road accidents,
GHG emissions by fuel combustion in transport, the
average CO2 emissions per kilometer from new passenger
cars and the energy dependency on oil and petroleum
products. These sub-indicators are described hereinafter.

The share of collective transport in total passenger
transport (public transport) is expressed in percentage
and measures the share of passenger’s transport made
by collective transport in the total inland transport.
Collective transport refers to buses (including coaches
and trolleybuses) and trains, while the total inland
transport includes these facilities and also passenger
cars. Trams and metros are not included due to the lack
of harmonized data collection methodology between the
EU-28 countries. The public transport sub-indicator is
related to two Sustainable Development Goals, in which
it is highlighted the importance of building resilient and
sustainable infrastructure and the necessity to renew and
plan cities to provide access to basic services for all. This
sub-indicator also relates to the necessity of improving the
transport quality, accessibility and reliability, as discussed
in the Roadmap.

The share of energy from renewable sources in transport
(renewable fuels) is expressed as the percentage of
renewable fuels in the total transport fuels. Energy by
renewable sources consumed in transport is given by
the sum of sustainable biofuels, renewable electricity,
hydrogen and synthetic fuels of renewable origin and
other reported forms of renewable energy [29]. With this
sub-indicator, it is possible to understand how extensive
is the use of renewable energy in the transport sector
and how much it has been replacing fossil fuels. The
Renewable Energy Directive promotes policies for the
production and use of energy from renewable sources in
the EU, which states, in the revised version from 2018, the
target of 32% share of renewable energy in the transport
sector for 2030 [30]. The Roadmap also suggests a regular
phase out of conventionally-fueled vehicles from urban
environments by halving their number in 2030 and phasing
them out of the cities by 2050.

The share of rail and inland waterways in total freight
transport (freight transport) is expressed in percentage.
The total inland transport in the denominator of the
sub-indicator includes freight on national territory made
by road, rail and inland waterways transport. Sea and air
freight transport are not represented in the sub-indicator.
The freight transport sub-indicator was not applicable for
Cyprus and Malta since these countries did not present
values for railways or inland waterways. As an effort

to have a complete database without excluding these
countries from the evaluation in this work, the lowest
values observed on the dataset were used for Cyprus
and Malta, for every year. This method avoids that these
countries become unintended benchmarks, and therefore,
it will not affect the location of the best practice frontier.
This method has been suggested in [31]. The Roadmap
mentions the objective of shifting 30% of the road freight
to other modes, such as rail and waterways, by 2030 and
more than 50% by 2050. This sub-indicator also reflects
the progress towards the Sustainable Development
Goals focused on innovation and building resilient and
sustainable infrastructure.

The people dead in road accidents (road deaths)
sub-indicator measures the number of fatalities in
road accidents per hundred thousand inhabitants.
This sub-indicator includes passengers and drivers
of motorized vehicles and pedal cycles, as well as
pedestrians, that have died up to 30 days after the accident.
This sub-indicator is aligned with two Sustainable
Development Goals aiming at safer cities, health, and
well-being status. As highlighted in the Roadmap, EU aims
to reduce fatalities close to zero by 2050 with initiatives in
the areas of technology, enforcement, and education.

The GHG emissions by fuel combustion in transport
(GHG emissions) measure the transport’s fuel combustion
contribution in the total greenhouse gas emissions
inventory. The values are originally expressed in
thousand tonnes and were normalized using the
countries’ population on 1st January of each year, to
take into consideration their dimension. Therefore, the
sub-indicator data is expressed in thousand tonnes per
hundred thousand inhabitants for each country. The
GHG emissions from the transport by road and inland
waterways accounted for 22% of the total European Union
emissions in 2017 and reached 27% when including
international aviation and maritime emissions [32]. The
Roadmap sets out a target of 60% reduction in the GHG
emissions by 2050 compared to 1990 levels.

The average carbon dioxide (CO2) emissions per kilometer
from new passenger cars (new car emissions) is defined
as the average CO2 emissions per kilometer in a given
year for new passenger cars and expressed in grams
of CO2 per kilometer. This is a target for the average
of the manufacturer’s overall fleet, meaning that cars
above the limit are allowed in the market as long as
they are offset by the production of lighter cars. The
Regulation (EU) 2019/631 sets a mandatory target for
emission reduction for new cars of 95 grams of CO2 per
kilometer by 2021 [33]. This sub-indicator reflects three
Sustainable Development Goals related to ensuring an
environmentally aware consumption, innovation in search
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of lasting solutions to environmental challenges and the
call for climate action. The Roadmap also highlights the
importance of the research and innovation on vehicle
propulsion technologies and the improvement of energy
efficiency performance of vehicles across all modes.

The energy dependency on oil and petroleum products
(energy dependency) sub-indicator monitors to which
extent the countries economy relies on imports of oil
and petroleum products to meet their energy needs. It
is calculated by dividing the net imports by the gross
available energy, and it is used on a percentage basis. The
net imports are the difference between the total imports
and the total exports. The gross available energy is the
sum of primary products, recovered and recycled products
and imports, minus the sum of exports and stock changes.
Regarding its metrics, energy dependency may be higher
than 100% with regard to countries creating a stock in a
given year, or it can be negative, for oil exporter countries.
A negative value occurred only once in the dataset, and the
value was close to zero (-4.701%) for the exporter country.
To maintain the relative position of all units regarding
the other countries, a constant of 5.701% was added for
each score of energy dependency sub-indicator. Thus,
the best score of 1% is assigned to the exporter country,
avoiding the necessity of handling negative data in the
model, and the relative position of the units are kept the
same. This sub-indicator shows how the EU countries
progress towards more resource-efficient policies. As oil
becomes scarcer each year, the necessity of reducing EU
dependency on oil imports, without reducing the transport
system efficiency, is one of the objectives mentioned in the
Roadmap. Imports expose the economy to volatile world
market prices and the risk of supply shortages.

These seven sub-indicators are used to assess the
transport environmental performance of EU countries, as
presented in the next section.

4. Results

The transport environmental performance was assessed
for the 28 EU countries, from 2015 to 2018. The study
considers the United Kingdom data since during the
time span of the assessment, the country still integrated
the European Union. Table 1 shows the mean and the
dispersion coefficient (DC) for the sub-indicators under
analysis across countries. These statistics were calculated
for the time span under analysis, from 2015 to 2018. The
DC, given by the ratio between the standard deviation
and the mean, was calculated to facilitate the analysis
among sub-indicators. As it measures the degree of
the data dispersion around the mean, the DC allows the
comparison between different data sets with different

measurement units. The last column in Table 1 presents
the variation of the sub-indicator average between 2017
and 2018 in percentage.

Table 1 Mean, DC, and Variation of the sub-indicators values

Sub-indicator Mean DC Variation
Public transport 17.910 0.242 +0.08%
Renewable energy 6.844 0.726 +11.64%
Freight transport 27.230 0.727 +0.46%
Road deaths 5.537 0.348 +1.14%

GHG emissions 213.239 0.724 +1.51%
New car emissions 119.832 0.069 +0.46%
Energy dependency 96.475 0.230 +0.05%

In Table 1, a high DC value, or data dispersion relative
to the mean, was observed in the renewable energy
sub-indicators, which translates the difference among
countries in available renewable energy. Some countries,
such as Finland in 2015, had 24.8% of the fuel in transport
from renewable sources while the average for this
sub-indicator was 6.54%. However, the DC for this
sub-indicator has been constantly decreasing and was
20% lower in 2018 when compared to 2015, reflecting
a tendency to increase the homogeneity among EU
countries. The share of freight transport had the highest
DC value in the time span under study. As some countries
have geographical locations and environmental conditions
that facilitate the utilization of rail and inland waterways
for transport more than others, this high variability is
expected. Another high DC value was obtained by the GHG
emissions sub-indicator, reflecting the different policies
of EU countries for reducing emissions. For example,
Luxembourg had 1013.489 thousand tonnes per hundred
thousand inhabitants of GHG emissions in 2015, while
Romania only had 79.080 thousand tonnes per hundred
thousand inhabitants in the same year.

The lowest DC was observed for the average CO2

emissions per kilometer from new passenger cars. This
can be reflecting a higher homogeneity of EU regulations
which have introduced CO2 emission performance
standards for manufacturers operating in the EU market
(for instance, Regulation (EU) No 333/2014 of the European
Parliament and of the Council of 11 March 2014 amending
Regulation (EC) No 443/2009 to define the modalities for
reaching the 2020 target to reduce CO2 emissions from
new passenger cars).

Analyzing the average variation of the forward
sub-indicators between 2017 and 2018, it can be seen that
there was an improvement in all of them. The share of
public transport in total passenger transport had a slight
increase of 0.08% between 2017 and 2018. The average
share of renewable energy in transport presented the
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highest rate of improvement, increasing 11.64% in the
last year. The share of freight transport had also a slight
improvement in the last year in 2018, and was 0.46% above
2017 levels.

Regarding the reverse sub-indicators, that have a negative
impact on transport sustainability, the EU countries have
deteriorated their performance, on average. The average
of road deaths for all countries had a 1.14% increase in
2018. The average of GHG emissions increased 1.51% in
2018. The average of new car emissions increased 0.46%
in the last year but still remained 0.4% below 2015 levels.
The average energy dependency of the EU countries had
the lowest increase, and kept only 0.05% above 2017 levels.

4.1 Sustainable performance assessment

The sustainable transport performance for each country
in a given year was computed by aggregating the seven
chosen sub-indicators into a CI using the variant BoD
model (3) proposed [15] that does not require any
transformation on the reverse sub-indicators. The CI of
the sustainable transport performance was calculated
using the data from the time span of four years, from
2015 to 2018, and it is assessed by comparison to the best
practices observed during this complete time period. The
CI average is summarized in Figure 2.
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Figure 2 Evolution of the average of the EU countries’ CI score
from 2015 to 2018

The average of the sustainable performance had only
small variations through the years. It decreased by almost
3% in 2016 when compared to 2015, but began to increase
in 2017. By 2018 the CI average was 4.09% above 2015
levels. Twelve units were efficient in this analysis, i.e.,
have a CI score of one: Denmark (in 2017), Latvia (in 2015
and 2018), Hungary (in 2015, 2016 and 2017), Netherlands
(in 2015, 2017 and 2018), Romania (in 2015) and Sweden
(in 2017 and 2018).

Table 2 shows the CI results from the top five countries,
which had the highest CI score in 2018, and the last five
countries, which had the lowest CI scores in the last
year. Latvia and Sweden were already efficient in 2015,
decreased their CI score in the following years, but by
2018, both were efficient again. Sweden increased its
CI score by 14% between 2015 and 2018. Romania and
Hungary decreased their CI score when compared to 2015
but still had high CI results. The highest improvement
was observed in Spain and Greece, which increased their
CI scores in 2018 by 34.9% and 27.6% above 2015 levels,
respectively. Although, they still ranked among the five
lowest performance countries. Malta had an improvement
of 4% between 2015 and 2018. A high decrease of 16.1%
was observed during this time frame for Ireland. Cyprus
was the most inefficient country in this analysis and had
no improvement during this time frame.

Table 2 Sustainable transport performance results

Country 2015 2016 2017 2018
Latvia 1.000 0.848 0.792 1.000

Netherlands 1.000 0.910 1.000 1.000
Sweden 0.877 0.937 1.000 1.000
Romania 1.000 0.975 0.945 0.922
Hungary 1.000 1.000 1.000 0.919
Spain 0.292 0.440 0.377 0.394
Greece 0.189 0.162 0.216 0.242
Malta 0.113 0.112 0.116 0.118
Ireland 0.140 0.124 0.131 0.117
Cyprus 0.108 0.108 0.108 0.108

4.2 Benchmark analysis

Using the dual formulation of the FKHM model (3), it
is possible to perform a benchmark analysis for each
assessed country j0 by retrieving the dual variables
λj . For each country j0, a score of λj different from
zero identifies its benchmark j (efficient countries that
compose the frontier) with which it is compared to obtain
its CI. The score of λj represents the degree of intensity of
each benchmark j in the CI score of the country j0. The
number of times that each benchmark was used by the
inefficient units is summarized in Table 3.

Sweden in 2018 was the benchmark unit most used by the
inefficient countries to obtain their performance, followed
by Hungary and Latvia in 2015. The other benchmarks
were used in a much lower frequency.
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Table 3 Frequency of use of the benchmarks

Country No. of times
used as a
benchmark

Sweden 2018 84
Hungary 2015 67
Latvia 2015 55
Latvia 2018 8

Denmark 2017 5
Sweden 2017 4
Romania 2015 4

Netherlands 2017 2
Hungary 2017 2
Hungary 2018 1
Latvia 2017 1

Hungary 2016 1
Netherlands 2015 1

4.3 Radar analysis

This study also compares the performance on the forward
and reverse sub-indicators between the efficient and the
inefficient countries. The benchmarks are the efficient
units, that obtained a CI score of one, while the inefficient
countries have a CI score below one. The average for each
sub-indicator is calculated for both groups (benchmarks
and inefficient countries). The radar analysis compares
the average of the sub-indicators between efficient units
(benchmarks) and the inefficient ones. To simplify the
comparison, the average of the sub-indicators of inefficient
units are normalized by the average of the sub-indicators
in the benchmarks. Figure 3 shows a comparison between
each sub-indicator between the benchmarks and the
inefficient countries. The reverse sub-indicators were
highlighted in red and the forward ones in green.

 

 

Figure 3 Comparison between benchmarks and inefficient
countries

Analyzing Figure 3, it is possible to identify the areas
where the inefficient countries need improvement by

setting out policies and/or redefine output standards, for
instance. Except for the number of road deaths and new car
emissions sub-indicators, in which both groups had a very
similar performance, the inefficient countries were always
outperformed by the benchmarks. Analyzing the forward
sub-indicators (green colored), the inefficient countries
had about 86% of the share of public transport presented
by the benchmarks and 64% of the renewable energy share
presented by the benchmark group. In the freight transport
sub-indicator, the inefficient countries have less than 55%
of the value presented for the benchmarks. Considering
the reverse sub-indicators (red colored), the inefficient
countries had a value of GHG emissions almost 40% higher
than the benchmarks. The average energy dependency
sub-indicator of the inefficient countries was 10% higher
than the benchmarks.

Most of the work to improve transport sustainability
should be done to reduce the GHG emissions from fossil
fuel, improve the infrastructure and promote policies to
increase the share of freight transport that uses rail and
inland waterways and also increase the share of energy
from renewable sources in transport. There is still a margin
to increase the use of public transport of the inefficient
countries by improving its accessibility and quality to allow
a larger share of passengers to benefit from it and reduce
the oil and petroleum dependency through changes in the
transport energy consumption.

5. Conclusions

This study aimed to evaluate the environmental
performance of the transport sector in the 28 countries
of the European Union, from 2015 and 2018, towards the
policy agenda established in strategic documents. Based
on the literature review, the targets set on transport
strategic documents, and the data available for all the EU
countries, seven transport sub-indicators were selected
for the assessment. Three sub-indicators are forward,
measuring a positive aspect: the share of buses and
trains in total passengers’ transport, the share of energy
from renewable sources in transport, and the share
of rail and inland waterways in total freight transport.
The remaining four sub-indicators are anti-isotonic or
reverse, measuring a negative aspect: people dead on
road accidents, the GHG emissions by fuel combustion in
transport, the average CO2 emissions per kilometer from
new passenger cars and the energy dependency on oil and
petroleum imports.

Based on the results achieved with the FKHM model, it
is possible to conclude that, in general, the transport
environmental performance of the EU countries has
improved in the last two years and by 2018 was 4.09%
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above 2015 levels. This result points out that EU countries
are making efforts in the right direction, and the countries
are strengthening their ability towards sustainable
mobility.

The performance assessment identified 12 efficient units:
Denmark (in 2017), Latvia (in 2015 and 2018), Hungary
(in 2015, 2016 and 2017), Netherlands (in 2015, 2017 and
2018), Romania (in 2015) and Sweden (in 2017 and 2018).
By using these units as benchmarks and comparing their
performance in each sub-indicator with the remaining
units (the inefficient ones), it is possible to identify the
areas that need improvement. Most of the work to improve
transport sustainability should be done by drastically
reducing the greenhouse gas emissions from fossil fuel
combustion, increasing the share of freight transport that
uses rail and inland waterways, and also the share of
transport energy from renewable sources.

Future work should explore other models for treating
anti-isotonic sub-indicators in order to allow results
comparison among different models. Furthermore,
some other sub-indicators can be taken into account, to
calculate the composite indicator for each country. A life
cycle analysis of transport systems and fuel production
should also be developed. Besides, the study can be
expanded to include more countries and regions.

6. Declaration of competing interest

Wedeclare that we have no significant competing interests,
including financial or non-financial, professional, or
personal interests interfering with the full and objective
presentation of the work described in this manuscript.

7. Funding

This work has been supported by FCT - Fundação
para a Ciência e Tecnologia within the Project Scope
UIDB/05757/2020.

8. Author contributions

C. B. V. and Â. P. F. conceived and designed the analysis.
S. B. G. collected the data and implemented the analysis.
C. B. V. supervised the implementation tools procedure. All
authors contributed to the analysis of the results and to the
writing of the manuscript.

9. Data Availability Statement

The data that support the findings of this study are openly
available in EUROSTAT database at locations cited in the
reference section.

References

[1] World Business Council for Sustainable Development. (2016)
Sustainable mobility project 2.0: Integrated sustainable mobility in
cities - a practical guide.

[2] S. Darda, T. Papalas, and A. Zabaniotou, “Biofuels journey in europe:
currently the way to low carbon economy sustainability is still a
challenge,” Journal of Cleaner Production, vol. 208, pp. 575–588,
2019.

[3] V. Bulc andH.Hololei, Transport in the EuropeanUnion - current trends
and issues, ser. Mobility and Transport, 2019.

[4] European Commission. (2018) EU mobility package: Europe
on the move briefing note. Accessed Jan. 2, 2021.
[Online]. Available: http://nws.eurocities.eu/MediaShell/media/
EuropeonthemoveBriefingnote.pdf

[5] E. E. Agency, Progress of EU transport sector towards its environment
and climate objectives, ser. Transport and Environment Reporting
Mechanism, 2018.

[6] L. P. O. of the European Union, EU Transport in figures. Statistical
pocketbook 2019, ser. Mobility and Transport. Imprimerie Bietlot
Frères in Belgium, 2019.

[7] J. Zawieska and J. Pieriegud, “Smart city as a tool for sustainable
mobility and transport decarbonisation,” Transport Policy, vol. 63, pp.
39–50, 2018.

[8] European Comission, “White paper on transport: Roadmap to
a single european transport area: Towards a competitive and
resource-efficient transport system,” 2011.

[9] About the sustainable development goals. Accessed Jan. 5, 2021.
[Online]. Available: https://www.un.org/sustainabledevelopment/
sustainable-development-goals/

[10] H. Gudmundsson and M. B. Regmi, “Developing the sustainable
urban transport index,” Transport and Sustainable Development
Goals, p. 35, 2017.

[11] D. Bongardt, D. Schmid, C. Huizenga, and T. Litman, “Sustainable
transport evaluation: Developing practical tools for evaluation in the
context of the csd process,” Partnership on Sustainable Low Carbon
Transport, Eschborn, Germany, 2011.

[12] N. Kuņicina, P. Waeger, E. Calderon, R. Arce, R. Joumard, J. Nicolas,
A. Tennøy, F. Ramjerdi, M. Ruzicka, G. Arapis et al., Indicators of
environmental sustainability in transport. An interdisciplinary approach
to methods, 2010.

[13] M. Reisi, L. Aye, A. Rajabifard, and T. Ngo, “Transport sustainability
index: Melbourne case study,” Ecological Indicators, vol. 43, pp.
288–296, 2014.

[14] S. B. Gruetzmacher, C. B. Vaz, and A. P. Ferreira, “Performance
assessment of the transport sustainability in the european union,”
ICSC-CITIES 2020: Communications in Computer and Information
Science, vol. 1359, 2021.

[15] R. Färe, G. Karagiannis, M. Hasannasab, and D. Margaritis, “A
benefit-of-the-doubt model with reverse indicators,” European
Journal of Operational Research, vol. 278, no. 2, pp. 394–400, 2019.

[16] L. Cherchye, W. Moesen, N. Rogge, and T. Van Puyenbroeck, “An
introduction to ‘benefit of the doubt’ composite indicators,” Social
indicators research, vol. 82, no. 1, pp. 111–145, 2007.

[17] A. Hoffmann and E. Giovannini, Handbook on constructing composite
indicator: methodology and users guide. OECD, 2008.

[18] B. Talukder, K. W Hipel, G. W vanLoon et al., “Developing composite
indicators for agricultural sustainability assessment: Effect of
normalization and aggregation techniques,” Resources, vol. 6, no. 4,
p. 66, 2017.

51

http://nws.eurocities.eu/MediaShell/media/EuropeonthemoveBriefingnote.pdf
http://nws.eurocities.eu/MediaShell/media/EuropeonthemoveBriefingnote.pdf
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/


S. B. Gruetzmacher et al., Revista Facultad de Ingeniería, Universidad de Antioquia, No. 104, pp. 42-52, 2022

[19] A. Charnes, W. W. Cooper, and E. Rhodes, “Measuring the efficiency
of decision making units,” European journal of operational research,
vol. 2, no. 6, pp. 429–444, 1978.

[20] W. W. Cooper, L. M. Seiford, and K. Tone, “Data envelopment
analysis: A comprehensive text with models, applications,
references and dea-solver software,” vol. 52, no. 12, 2002.

[21] E. C. C. Tenazas, F. D. M. Gómez, and W. F. Y. Del Valle, “Data
envelopment analysis and pareto genetic algorithmapplied to robust
design in multiresponse systems,” Revista Facultad de Ingeniería
Universidad de Antioquia, no. 79, pp. 119–129, 2016.

[22] L. Cherchye, W. Moesen, N. Rogge, T. Van Puyenbroeck, M. Saisana,
A. Saltelli, R. Liska, and S. Tarantola, “Creating composite indicators
with dea and robustness analysis: the case of the technology
achievement index,” Journal of the Operational Research Society,
vol. 59, no. 2, pp. 239–251, 2008.

[23] W. Chung, “Using deamodel without input and with negative input to
develop composite indicators,” in 2017 IEEE International Conference
on Industrial Engineering and Engineering Management (IEEM). IEEE,
2017, pp. 2010–2013.

[24] C. K. Lovell, J. T. Pastor, and J. A. Turner, “Measuring
macroeconomic performance in the oecd: A comparison of
european and non-european countries,” European journal of
operational research, vol. 87, no. 3, pp. 507–518, 1995.

[25] R. G. Dyson, R. Allen, A. S. Camanho, V. V. Podinovski, C. S. Sarrico,
and E. A. Shale, “Pitfalls and protocols in dea,” European Journal of
operational research, vol. 132, no. 2, pp. 245–259, 2001.

[26] H. Scheel, “Undesirable outputs in efficiency valuations,” European
journal of operational research, vol. 132, no. 2, pp. 400–410, 2001.

[27] Y.-H. Wong and J. Beasley, “Restricting weight flexibility in data
envelopment analysis,” Journal of the Operational Research Society,
vol. 41, no. 9, pp. 829–835, 1990.

[28] Eurostat database. Accessed Dec. 29, 2020. [Online]. Available:
https://ec.europa.eu/eurostat/data/database

[29] European Commission, “SHARES tool manual,” Unit E.5:
Energy, 2018, accessed Dec. 21, 2020. [Online]. Available:
https://ec.europa.eu/eurostat/documents/38154/4956088/
SHARES+Manual+2018/37909ab2-8c1f-907b-2e97-3111d0691b9f

[30] DIRECTIVE 2018/2001 of the european parliament and of the council.
Accessed Dec. 3, 2020. [Online]. Available: https://eur-lex.europa.
eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN

[31] P. Morais and A. S. Camanho, “Evaluation of performance
of european cities with the aim to promote quality of life
improvements,” Omega, vol. 39, no. 4, pp. 398–409, 2011.

[32] European Comission. (2011) Proposal for a regulation of the
european parliament and of the council setting CO2 emission
performance standards for new heavy duty vehicles. Accessed
Nov. 13, 2020. [Online]. Available: https://eur-lex.europa.eu/
legal-content/EN/TXT/?uri=SWD:2018:185:FIN

[33] Regulation (EU) 2019/631 of the european parliament
and of the council. Accessed Dec. 3, 2020. [Online].
Available: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/
?uri=CELEX:32018L2001&from=EN

52

https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/documents/38154/4956088/SHARES+Manual+2018/37909ab2-8c1f-907b-2e97-3111d0691b9f
https://ec.europa.eu/eurostat/documents/38154/4956088/SHARES+Manual+2018/37909ab2-8c1f-907b-2e97-3111d0691b9f
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=SWD:2018:185:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=SWD:2018:185:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN

	Introduction
	Literature review
	Composite indicators
	Data Envelopment Analysis
	Benefit of the Doubt model

	Methodology
	Data and variables

	Results
	Sustainable performance assessment
	Benchmark analysis
	Radar analysis

	Conclusions
	Declaration of competing interest
	Funding
	Author contributions
	Data Availability Statement

