Environmental performance assessment of the
transport sector in the European Union*

Sarah B. Gruetzmacher!-2[0000-0002—1193—4461] ' Carq B,
Vaz2:3[0000-0001-9862-6068] o4 Angela P. Ferreira20000-0002-1912-2556]

! Universidade Tecnolégica Federal do Parané, Av. Sete de Setembro. 3165,
80230-901 Curitiba, Brazil
sarah.gruetz@gmail.com
2 Research Center in Digitalization and Intelligent Robotics (CeDRI), Instituto
Politécnico de Braganga, Campus de Santa Apoldnia, 5300-253 Braganga, Portugal
3 Center for Management and Industrial Engineering (CEGI/INESC TEC)
{clvaz,apf}@ipb.pt

Abstract. The European Union (EU) has been promoting diverse ini-
tiatives towards sustainable development and environment protection.
One of these initiatives is the reduction of the greenhouse gas (GHG)
emissions in 60% below their 1990 level, by 2050. As the transport sec-
tor is responsible for more than 22% of those emissions some strategies
need to be taken towards a more sustainable mobility, as the ones pro-
posed in 2011 White Paper on transport. Under this context, this study
aims to evaluate the environmental performance of the transport sec-
tor in the 28 EU countries towards these goals, from 2015 to 2017. The
transport environmental performance is measured through the compos-
ite indicator derived from the Benefit of the Doubt (BoD) model. The
country transport environmental performance is assessed through the
aggregation of multiple sub-indicators using the composite indicator de-
rived from the Data Envelopment Analysis (DEA) model. The results
indicate that the EU countries slightly improved their transport envi-
ronmental performance, on average 2.8%. The areas where the inefficient
countries need more improvement were also identified: reducing the GHG
emissions from fossil fuels, increasing the share of transport energy from
renewable sources and improving the public transport share of the total
passenger transport.

Keywords: Transport environmental performance - Data Envelopment
Analysis - Sustainable Development.

1 Introduction

Transportation is an important sector in the European economy, it employs
more than 11 million people and accounts for about 5% of Europe’s Gross Do-
mestic Product (GDP). Between 2010 and 2050, passenger transport activity is
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expected to grow by 42% and freight transport activity by 60% [1]. However,
GHG emissions of the transport sector, in opposition to other sectors such as
industry or energy related industries, have increased in the last 25 years and
reached 22% of the total European GHG emissions in 2015 [2]. Under this sce-
nario, the European Commission’s, 2011, White Paper on transport - Roadmap
to a Single European Transport Area — Towards a competitive and resource effi-
cient transport system [3], proposed strategies for deep changes in the European
transport sector aiming a more sustainable and efficient system. Some of the
targets addressed in the white paper include: achieving a 60% reduction in CO4
emissions by 2050 with respect to 1990, phasing out conventionally fuelled cars
from cities by the same year and improvement of the road safety.

The United Nations’ Sustainable Development Goals (SDG) aim to achieve
a more sustainable future for everyone. These goals address global challenges
in several areas such as poverty, inequality and climate change, in a total of 17
goals [4]. The SDG targets related to transport sustainability are highlighted
in [5] being some of them directly related to the transport sector and others
to areas where transport has an important impact, such as energy consumption
and emissions. The United Nations emphasizes the interconnection of all goals
and the importance of achieving them by 2030 [4].

Therefore, it is important to be able to measure and assess the sustainability
of present and future transport policies concerning EU Countries. In order to
fulfil this objective, this study aims to evaluate the environmental performance
of the transport sector in the EU countries, from 2015 till 2017, towards a more
sustainable mobility. The methodology used in this paper to evaluate the envi-
ronmental performance is based on the Composite Indicator (CI) derived from
the DEA model, as proposed by Cherchye in [6], the Benefit of the Doubt model.
This CI allows to summarize, compare and track the performance of the coun-
tries for complex or multi-dimensional issues [7]. The use of CI is increasingly
being recognised as a useful tool in policy analysis and public communication,
as it can provide simple comparisons that can be used to illustrate complex and
sometimes elusive issues in wide-ranging fields, e.g. environment, economy, so-
ciety or technological development [8]. In a general level the CI consists in a
weighted average of sub-indicators. There are different methods for weighting
and aggregating the data of the sub-indicators, being some of them presented in
this work.

This paper is organized as follows: the second section presents the litera-
ture review about composite indicator usefulness and its construction. Section
3 explains the DEA method and the sub-indicators selected to compose the CI.
Section 4 presents the data used and the results obtained. Finally, the conclu-
sions from this work are presented in Section 5.

2 Literature review

Composite Indicators have been proven useful for benchmarking countries per-
formance and are becoming a recognized tool for policy analysis, decision makers
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and public communication as they provide a big picture often making it easier
for the general public to interpret CI rather than identifying common trends
across many indicators. However, CI must be considered a means to facilitate a
discussion and to stimulate public interest, since their ”big picture” results often
lead users to draw simplistic analytical or policy conclusions [8].

In [9], four main reasons for the usefulness of indicators are identified: they
allow the synthesis of masses of data, show the current position in relation to
desirable states, demonstrate progress towards goals and objectives and, finally,
they communicate current status to stakeholders leading to effective manage-
ment decisions towards the established targets.

A Composite Indicator comprises several individual indicators compiled into
a single index on the basis of an underlying model and much like mathematical
and computational models. Moreover, CI construction owes more to the crafts-
manship of the modeller than to universally accepted rules [8].

Different aggregation and weighting techniques have been used in the litera-
ture for the assessment of the transport environmental impact.

In [5], the Sustainable Urban Transport Index was developed for cities in
the Asian-Pacific region. The sub-indicators were chosen based on the literature
while incorporating the Sustainable Development Goals related to urban trans-
port planning. Equal weight of 0.10 was given to the ten selected sub-indicators
and the index was calculated by applying the geometric mean for the normalized
sub-indicators values.

In [7], a comparison among 33 different combinations regarding normaliza-
tion, weighting and aggregation techniques for the development of a Composite
Indicator was made. A set of 16 sub-indicators was selected to estimate the
composite indicator of sustainable urban mobility for Italian provincial towns.

The work performed in [10] evaluates the sustainable transport system in 23
Spanish cities, using a three dimensional CI (economic, social and environmen-
tal). The sub-indicators ¢ were normalized using the standardized values method
and then aggregated into composite indicators related to the dimensions of sus-
tainability using weights. The signs of the different weights are dependent on the
meaning of the sub-indicator, being positive for indicators in which an increase
in their values contributes to a more sustainable transport system and negative
for those contributing conversely.

A composite indicator for transport sustainability in Melbourne local areas
is developed in [11]. Nine sub-indicators were chosen and normalized by the
min-max method. The sub-indicators were first aggregated into environmental,
social and economic sub-indices using the Principal Component Analysis/Factor
Analysis (PCA/FA) and then combined into a single CI.

In [12], a standardized set of transport performance indicators is selected to
build the Normalized Transport Sustainability Index. The sub-indicators were
normalized in a range between 0 and 1 using the max-min method and the index
was calculated using the Euclidean distance between the city evaluated and an
hypothetical worst city. This hypothetical worst city assumes the value one or
zero when the effect of the indicator is negative or positive, respectively.
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An alternative method to compute the CI is using the DEA method. In
[13], an index to assess the performance of 112 countries in green transportation
and logistics practices is constructed. The composite indicator combines the
logistic performance index, CO5 emissions and oil consumption using the DEA
for weighting and aggregation.

Following the DEA approach, this study proposes the measurement of the
transport environmental performance of EU countries through their composite
indicator. The Cl is calculated through the aggregation of multiple sub-indicators
using the BoD model. The selection of the sub-indicators should reflect the
targets defined by the EU’s White Paper and the SDG goals related to transport.
The weight attributed to each sub-indicator is derived endogenously from the
DEA model.

3 Methodology

3.1 Data Envelopment Analysis

The DEA is a linear programming method that assesses the efficiency score
of multiple decision making units in using multiple inputs to produce multiple
outputs [14]. The DEA enables to measure the efficiency in terms of Pareto-
Koopmans concept which is attained when an increase in any output (or a de-
crease in any input) requires a decrease in at least another output (or an increase
in at least another input; e.g., [15]).

The CI is derived from the DEA model proposed by [6], named the Benefit of
the Doubt model which is equivalent to the original DEA input oriented model,
with all 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, with-
out referencing the inputs that are used to obtain this performance [16]. As the
BoD model only includes outputs (the indicators), this DEA model measures
the performance rather than the efficiency.

One of the best features of DEA is that it does not require any prior knowl-
edge of weight factors as the model optimizes them endogenously. The weights
can vary among countries and are determined in a way to show each of them in
the best possible way, i.e., maximizing their performance [16]. 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 [17].

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 the m sub-indicators. Given a cross-section of m sub-
indicators and n countries, with y;; being the value of sub-indicator (or output)
for the country j, and w; the weight attributed to the i-th sub-indicator, which is
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endogenously defined to maximize the CI value for the country under assessment
[17], without a priori expert information. The CI is computed for each country
Jo, through the BoD model which has the linear programming formulation (1):

Cl;, = maz Y wiyy, @)

i=1
subject to:

m

Zwiyij <1 Vj = 1,...,7’L
i=1
w; >0  Vi=1,..,m

Analyzing the objective function, it can be observed that the problem chooses
the w; that maximizes the resulting C'I; value. This implies that the highest
relative weights are assigned to those dimensions in which the country has the
best relative performance when compared to the other countries [17]. 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 de-
serves a higher weight. The opposite is also valid, i.e., a sub-indicator with a
low relative performance indicates a lower importance attached by the country
in that context, therefore it receives a lower weight [6].

The formulation above has only two kinds of restrictions: it is imposed that no
country can have a CI value greater than one, ensuring an intuitive interpretation
of the indicator; also, each weight 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 j,, where
higher values indicate a better relative performance [17].

The BoD model (1) allows the weights to be freely estimated in order to
maximize the relative performance of the country. Thus, in some situations.
a country may obtain a higher relative performance by assigning zero weights
to some indicators which have worst scores. This means that each sub-indicator
associated with the zero weight has no influence in the composite indicator value.
This situation should be avoided, since the sub-indicators were carefully selected
and therefore they are all important in computing the CI [18]. To accomplish
these goals, the model (1) should incorporate additional restrictions for each
sub-indicator contribution, by adding virtual proportional weight restrictions,
as proposed by [19]. Thus, each sub-indicator is required to have a minimum
percentage of contribution («) in the assessed composite indicator given by (2).

WilYij, .
>« Vi=1,...m (2)
>lity wivij, T
Another issue that is not considered in the original BoD model is the pres-
ence of undesirable sub-indicators, i.e. sub-indicators where the increase of their
value is not beneficial, as the percentage of GHG emissions, for example. One
possible approach to deal with these undesirable indicators is the use of data
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transformation techniques. Some of these techniques can be the inversion of the
value of the undesirable indicator, the subtraction the undesirable factor from
a sufficient large number, or the use of the max-min method. Some of these
techniques are presented and compared in [18]. After the data transformation,
the transformed undesirable sub-indicators are included in the conventional BoD
model and treated as the desirable sub-indicators [20].

3.2 Data and variables

Three pillars are usually mentioned as defining a sustainable transport system:
the economic, the environmental, and the social one [7]. The proposed compos-
ite indicator has been developed aiming to achieve a balance between what is
necessary to support sustainable transport assessment and the available data for
EU countries.

As previously stated, the CI consists in the aggregation of several sub-
indicators, being of crucial importance the selection of the indicators to com-
pute the overall performance. Some issues were considered in the sub-indicators
selection process: they should reflect the Roadmap targets [3] and other sus-
tainability topics of relevance for transport; and finally, each sub-indicator must
measure a specific area of the performance, ensuring the minimum number of
sub-indicators; each sub-indicator must be of easy interpretation and should be
available for all countries in the time span selected.

Several sub-indicators were considered to incorporate important topics re-
lated to the Roadmap and SDG targets. Taken into account these topics and the
literature review of previous works with similar concepts on sustainable trans-
port and conceptual framework, the CI is constructed based on the following
five sub-indicators: share of buses and trains in total passengers transport, peo-
ple dead in road accidents, share of energy from renewable sources in transport,
GHG emissions by fuel combustion in transport and average COs emissions per
kilometer from new passengers cars. These sub-indicators are described here-
inafter.

The share of buses and trains in total passengers transport (y;) reflects
the SDG goal related to industry, innovation and infrastructure, which requires
building resilient and sustainable infrastructure. On the other hand, the SDG
involving sustainable cities and communities, aims to renew and plan cities so
they offer access to basic services for all. Future mobility should optimise the use
of transport, including car sharing and the integration between different modes
of collective transports. Also, the necessity to improve the transport quality,
accessibility and reliability is one of the subjects discussed in the Roadmap.
Capturing these goals, this indicator measures the share of collective trans-
port in total inland transport. Collective transport refers to buses (including
coaches and trolley-buses) and trains, while the total inland transport includes
this modes and passenger cars. Trams and metros are not included due to the
lack of harmonised data.

The people dead in road accidents (yz) measures the number of fatalities in
road accidents per hundred thousand inhabitants. The average population of the
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reference year (used as denominator) is calculated as the arithmetic mean of the
population on 1st January of two consecutive years. The European Commission
aims to make EU a world leader in safety and security of all modes of transport.
With initiatives in the areas of technology, enforcement and education, EU aims
to reduce fatalities close to zero by 2050. This indicator is also aligned with two
SDG, aiming at safer cities and health and well-being status.

The share of energy from renewable sources in transport (ys) contributes
to a significant reduction in the greenhouse gas emissions and also reduces the
oil dependence, as well as the local air and noise pollution. The Renewable
Energy Directive [21] sets a 10% target for renewable energy in transport for
2020. The Roadmap also suggests a regular phase out of conventionally-fuelled
vehicles from urban environments by halving their number in 2030 and phasing
them out of the cities by 2050. This indicator shows how extensive is the use of
renewable energy and how much it has replacing the fossil fuels.

The GHG emissions by fuel combustion in transport (y4) measures the trans-
port’s fuel combustion contribution in the total greenhouse gas emissions. The
value is originally given in thousand tonnes and was normalized using the coun-
try’s population on 1st January of each year, to consider the dimension of the
country. Its unit of measure is thousand tonnes per hundred thousand inhabi-
tants.

The average carbon dioxide (COsz) emissions per kilometer from new passen-
gers cars (y5) is defined as the average COy emissions per kilometer in a given
year for new passenger cars. The Roadmap highlights the importance of the re-
search and innovation on vehicle propulsion technologies and the improvement
of energy efficiency performance of vehicles across all modes. The EU sets a
mandatory target for emission reduction for new cars of 95 grams of COs per
kilometer in 2021. This is a target for the average of the manufacturer’s overall
fleet, meaning that cars above the limit are allowed as long as they are offset by
the production of lighter cars.

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

4 Results and discussion

4.1 Descriptive analysis of the variables

The transport environmental performance was calculated for the 28 EU coun-
tries, from 2015 to 2017. Therefore, data was collected for Belgium, Bulgaria,
Czechia, Denmark, Germany, Estonia, Ireland, Greece, Spain, France, Croatia,
Italy, Cyprus, Latvia, Lithuania, Luxembourg, Hungary, Malta, Netherlands,
Austria, Poland, Portugal, Romania, Slovenia, Slovakia, Finland, Sweden and
United Kingdom. It was chosen to use the United Kingdom data, since during
the time span of the assessment the country still integrated the European Union.
All the data used in this work was gathered from the Eurostat database [22].
Table 1 shows two descriptive statistics for the sub-indicators under analy-
sis across countries for each year. Besides the mean, the dispersion coefficient
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(DC), given by the ratio between the standard deviation and the mean, was also
calculated in order to facilitate the comparison between sub-indicators.

Table 1. Mean and DC of the indicators data used in the construction of the CI.

2015 2016 2017
Indicator Mean DC Mean DC Mean DC
Public transport (y1) || 18.175 | 0.241 || 18.011 | 0.238 || 17.768 | 0.246
Deaths road accidents|| 5.800 0.366 5.625 0.325 5.325 0.358
(y2)
Renewable energy (y3)|| 6.544 0.795 6.191 0.746 6.884 0.733
GHG emissions (y4) || 208.670| 0.771 |{211.493| 0.714 || 213.696 | 0.696
New cars emissions 120.946 | 0.078 118.757 | 0.066 119.168 | 0.064

(ys)

Analysing Table 1, it can be seen that the share of public transport in total
passenger transport (y;) has constantly decreased in the time span under study,
by 2017 it was more than 2% lower compared to 2015 levels. The mean of deaths
in road accidents (y2) for all countries has decreased more than 9% from 2015 to
2017. The share of energy from renewable sources in transport (y3) decreased in
2016 but during 2017 it increased more than 5%, when compared with the 2015
value. The mean of GHG emissions (y4) for all countries has increased more than
2.4% during the time span studied. The mean of COy emissions per kilometer
from new passengers cars (ys5) has increased from 2016 to 2017 but still remained
1.5% below 2015 levels.

The highest difference among countries data is observed in the GHG emis-
sions (y4) and the share of energy from renewable sources in transport (ys), as
some countries are ahead in utilizing renewable energy, such as Sweden with
26.8% in 2017 and Finland with 24.8% in 2015.

The higher scores of variability relative to the mean are observed for the
share of energy from renewable sources in transport (ys) followed by the GHG
emissions from fuel combustion (y4), although both have been decreasing during
the time span studied. These outputs translate the differences among countries
in available renewable resources and/or different policies for reducing GHG emis-
sions. The lowest variability relative to the mean is observed for the CO5 emis-
sions per kilometer from new passengers cars (y5) showing a higher homogeneity
in the energy efficiency performance of vehicles between countries.

4.2 Performance assessment of the models

The relative transport environmental performance for each country in a given
year is computed by aggregating the sub-indicators y1, y2, y3, ¥4 and ys through
the BoD model given by (1), by computing the CI. To avoid using zero weights
in the performance assessment of a given country, the previous model should in-
corporate proportional virtual weights restrictions, as proposed by (2), imposing
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a equal to 5% for each sub-indicator share. The relative transport environmental
performance for each country in a given year is assessed by comparison to the
best practices observed during the period analysed, i.e., from 2015 until 2017.
The obtained results are presented in Table 2, where the Model 1 refers to BoD
model defined by (1), and Model 2 refers to the previous one but considering
restrictions (2).

Table 2. Transport environmental performance results.

2015 2016 2017
Country Model 1|Model 2| Model 1|Model 2||Model 1|Model 2
Belgium 0.918 | 0.748 0.924 | 0.831 0.926 | 0.847
Bulgaria 0.881 0.799 0.901 0.815 0.889 | 0.810
Czechia 0.944 | 0.898 0.974 | 0.924 0.965 | 0.929
Denmark 1.000 | 0.929 0.999 | 0.920 0.999 | 0.927
Germany 0.932 | 0.803 0.842 | 0.821 0.841 0.821

Estonia 0.851 0.234 0.847 0.240 0.879 0.242
Ireland 0.924 0.861 0.936 0.834 0.955 0.909
Greece 1.000 | 0.459 0.996 0.563 0.977 0.782
Spain 0.943 0.476 0.941 0.848 0.908 0.851
France 0.965 0.909 0.968 0.915 0.972 0.920
Croatia 0.946 0.743 0.951 0.494 0.935 0.468
Italy 0.944 0.863 0.958 0.887 0.955 0.865
Cyprus 0.872 0.654 0.883 0.677 0.894 0.668
Latvia 0.835 0.716 0.865 0.666 0.852 0.640

Lithuania 0.812 0.695 0.821 0.681 0.807 0.696
Luxembourg || 0.852 0.635 0.853 0.651 0.854 0.666
Hungary 1.000 | 1.000 1.000 | 1.000 0.992 0.983

Malta 1.000 | 0.871 0.978 0.872 0.985 0.926
Netherlands || 1.000 | 0.923 0.970 0.874 0.959 0.902
Austria 0.951 0.902 0.965 0.917 0.958 0.909
Poland 0.914 0.856 0.914 0.782 0.894 0.781

Portugal 0.995 0.902 0.999 0.916 0.997 0.915
Romania 1.000 | 1.000 || 1.000 | 0.970 0.996 0.941

Slovenia 0.866 0.612 0.866 0.530 0.861 0.646
Slovakia 0.946 0.929 0.959 0.939 0.951 0.927
Finland 0.980 0.927 0.911 0.877 0.970 0.936
Sweden 0.975 0.965 0.993 0.987 1.000 | 1.000
UK 0.918 0.791 0.925 0.814 0.920 0.804
Mean 0.931 0.789 0.933 0.794 0.932 0.811

Std Dev 0.059 0.178 0.054 0.172 0.054 0.165

The mean of the Model 2 presented in Table 2, shows that the transport envi-
ronmental performance has increased, on average, 2.8% between 2015 and 2017.
These results imply that, overall, the countries are slowly improving towards the
sustainable goals and if the results for the GHG emissions and the public trans-
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port share in passenger transport were better, the overall performance would be
higher.

Considering the Model 1, eight units were efficient: Denmark (in 2015),
Greece (in 2015), Hungary (in 2015 and 2016), Malta (in 2015), Netherlands
(in 2015), Romania (in 2015 and 2016) and Sweden (in 2017). When the propor-
tional virtual weights restrictions are imposed (Model 2), only four units remain
efficient: Hungary (in 2015 and 2016), Romania (in 2015) and Sweden (in 2017)
taken into account the five sub-indicators. The countries that are efficient only in
the BoD model and become inefficient in the BoD model with restrictions (Den-
mark, Greece, Malta and Netherlands in 2015 and Romania in 2016) probably
had a better result in some sub-indicators but a lower performance in overall
sub-indicators. Thus, when restrictions are imposed and all sub-indicators are
required to contribute to the final CI score, those countries become inefficient.
Hereinafter, it is fair to consider the Model 2, i.e., the Model 1 with restrictions
(2), to assess the transport environmental performance of EU countries.

Under this methodology, from 2015 to 2017, most of the countries followed
a small improvement in the mean of the overall performance. However, Spain,
Greece and Belgium showed a higher improvement in their final score, increas-
ing in 2017 by 79%, 70% and 13% above 2015 levels, respectively. Estonia was
the most inefficient country in this analysis with an average CI of 24% and it
had almost no improvement in the considered years. Croatia, Poland, Latvia,
Romania and Hungary decreased their performance during the time period of
analysis, with Romania being efficient in 2015 and Hungary in 2015 and 2016.
Finland, Slovenia and the Netherlands decreased their performance in 2016, but
by 2017 they managed to improve the environmental performance above 2015
levels.

Analysing Table 2 it is possible to notice that, in all three years, the variabil-
ity in the results presented in Model 2 was higher compared to the variability
presented for the results obtained with Model 1. The highest standard devia-
tion value was observed in the CI from 2015 with Model 2 and the lowest was
presented by the CI from 2016 and 2017 using Model 1.

Regarding the transport environmental performance computed by the adopted
methodology, this study also compares the benchmark countries with the inef-
ficient ones. This analysis is implemented considering as benchmarks the best
performing countries, which obtained a CI score above 0.95, i.e., Hungary (in
2015, 2016 and 2017), Sweden (in 2015, 2016 and 2017) and Romania (in 2015
and 2016). The other countries are considered inefficient. The mean for each sub-
indicator is calculated for both groups (benchmarks and inefficient countries),
using the original data for the undesirable sub-indicators (GHG emissions, deaths
in road accidents and new cars emissions), i.e., without transformation. Figure
1 shows a comparison for each sub-indicator between the benchmark countries
and the remaining, considered inefficient.

Analysing Figure 1, it is possible to notice that inefficient countries have less
than 50% of the share of transport energy from renewable sources observed in
the benchmark countries and the GHG emissions from fuel combustion engines
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Fig. 1. Comparison between benchmarks and inefficient countries.

are more than 60% higher than the benchmarks. The average COs emissions
from new passenger cars is almost the same for both groups. The average share
of public transport in the inefficient countries is almost reaching the same level
as the benchmark countries. Regarding the number of deaths on road accidents,
however, the inefficient countries are slightly better than the benchmarks. This
analysis enables to identify the areas where the inefficient countries need to
improve by setting out policies and/or redefine output standards, for instance.
Most of this work need to be done in drastically reducing the GHG emissions
from fossil fuel, increasing the share of transport energy from renewable sources
and improving the public transport access and quality to allow a larger share of
the total passenger transport.

5 Conclusions

This study assesses the environmental performance of the transport sector in
the 28 countries of the European Union towards the targets set in the Roadmap
and SDG, from the year 2015 until 2017. The assessment of the transport envi-
ronmental performance is implemented through the composite indicator derived
from the BoD model with virtual proportional weights restrictions. Based on the
results achieved, it is possible to conclude that EU countries slightly improved
their transport environmental performance, on average 2.8%. This implies that
EU countries should develop more efforts to follow the transport environment
targets.

Spain, Greece and Belgium showed the highest improvement in their final
score during the time frame analysed. Estonia was the most inefficient country
and showed almost no improvement over the years. Croatia, Poland, Latvia,
Romania and Hungary decreased their performance during this time period.
Finland, Slovenia and the Netherlands decreased their performance initially in
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2016, but by 2017 they were able to improve above 2015 levels. These results
suggest that inefficient countries should improve their practices by emulating the
best practices observed on benchmarks.

By using as benchmark units the ones that obtained a performance above
95%, the comparison with the remaining units, considered inefficient, allowed the
identification of the areas where policies should greatly impact: the reduction of
GHG emissions from fuel combustion engines and the increase of the share of
public transport in total passenger transport.

Future works should explore other models for treating undesirable indicators
in order to allow results comparison among those different models. Furthermore,
some other sub-indicators can be taken into account, to calculate the composite
indicator for each country.

References

1. European Commission: EU mobility package: Europe on the move briefing note,
http://nws.eurocities.eu/MediaShell/media/EuropeonthemoveBriefingnote.pdf.
Last accessed 10 Mar 2020

2. European Commission: Proposal for a Regulation of the European Par-
liament and of the Council setting CO2 emission performance stan-
dards for new heavy duty vehicles (2011). https://eur-lex.europa.eu/legal-
content/EN/TXT /?uri=SWD:2018:185:FIN

3. European Commission: White Paper on Transport: Roadmap to a Single European
Transport Area: Towards a Competitive and Resource-efficient Transport System.
Publications Office of the European Union (2011)

4. About the Sustainable Development Goals,
https://www.un.org/sustainabledevelopment /sustainable-development-goals/.
Last accessed 13 Mar 2020

5. Gudmundsson, H., Regmi, Madan B.: Developing the sustainable urban transport
index. Transport and Communications Bulletin for Asia and the Pacific No.87
(2017)

6. Cherchye, L., Moesen, W., Rogge, N., Van Puyenbroeck, T.: An introduction to
‘benefit of the doubt’composite indicators. Social indicators research, 82(1), 111-
145 (2007)

7. Danielis, R., Rotaris, L., Monte, A.: Composite indicators of sustainable urban mo-
bility: Estimating the rankings frequency distribution combining multiple method-
ologies. International Journal of Sustainable Transportation, vol.12, pp.380-395
(2018)

8. Joint Research Centre-European Commission: Handbook on constructing compos-
ite indicators: methodology and user guide. OECD publishing (2008)

9. Mitchell, G., May, A., McDonald, A.: PICABUE: a methodological framework
for the development of indicators of sustainable development. The International
Journal of Sustainable Development and World Ecology, 2(2), 104-123 (1995)

10. Alonso, A., Monzén, A., Cascajo, R.: Comparative analysis of passenger transport
sustainability in European cities. Ecological Indicators, vol.48, pp.578-592 (2015)

11. Reisi, M., Aye, L., Rajabifard, A., Ngo, T.: Transport sustainability index: Mel-
bourne case study. Ecological Indicators, 43, 288-296 (2014)



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Assessment of the transport sector in the EU. 13

Zito, P., Salvo, G.: Toward an urban transport sustainability index: an European
comparison. European Transport Research Review, 3(4), 179-195 (2011)

Lu, M., Xie, R., Chen, P., Zou, Y., Tang, J.: Green transportation and logistics
performance: An improved composite index. Sustainability, 11(10), 2976 (2019)
Charnes, A., Cooper, W. W., Rhodes, E.: Measuring the efficiency of decision
making units. European journal of operational research, 2(6), 429-444 (1978)
Fried, H.O., Lovell, C.A.K., and Schmidt, S.S.: The measurement of productive
efficiency: Techniques and applications, Oxford University Press, 3-67 (1993)
Chung, W.: Using DEA model without input and with negative input to develop
composite indicators. International Conference on Industrial Engineering and En-
gineering Management (IEEM), IEEE, pp. 2010-2013 (2017)

Cherchye, L., Moesen, W., Rogge, N., Van Puyenbroeck, T., Saisana, M., Saltelli,
A., Tarantola, S.: Creating composite indicators with DEA and robustness analysis:
the case of the Technology Achievement Index. Journal of the Operational Research
Society, 59(2), 239-251 (2008)

Dyson, R. G., Allen, R., Camanho, A. S., Podinovski, V. V., Sarrico, C. S., Shale,
E. A.: Pitfalls and protocols in DEA. European Journal of operational research,
132(2), 245-259 (2001)

Wong, Y. H., Beasley, J. E.: Restricting weight flexibility in data envelopment
analysis. Journal of the Operational Research Society, 41(9), 829-835 (1990)
Fare, R., Karagiannis, G., Hasannasab, M., Margaritis, D.: A benefit-of-the-doubt
model with reverse indicators. European Journal of Operational Research, 278(2),
394-400 (2019)

European Commission - Renewable energy directive,
https://ec.europa.eu/energy/topics/renewable-energy /renewable-energy-
directive/overview. Last accessed 21 Mar 2020

Eurostat Database, https://ec.europa.eu/eurostat/data/database. Last accessed
20 Mar 2020



