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ABSTRACT
As the European Union declares its ambition to become the first climate-neutral continent by
2050, it is more than important to monitor and analyse developments in greenhouse gas
emissions in individual sectors, including transport. The paper aims to assess using the
decoupling method, the relationship between transport-related greenhouse gas emissions and
the economic growth of the EU countries. The results indicate that the countries achieved
different stages of decoupling within the individual monitored periods, with relative decoupling
(55%) and absolute decoupling (34%) being the most common. However, in the long run (20
year study period 1997–2017), only 8 countries achieved absolute (strong) decoupling, which
does not seem to be sufficient in the pursuit of the EU´s ambitious climate mitigation targets.

KEYWORDS
EU countries, Greenhouse gas emissions, Decoupling analysis, Economic growth, Decarbonisation,
Transport sector.

INTRODUCTION
Transport, as a sector of the national economy, has an irreplaceable role, as it connects
people, cities, and countries. The transport itself does not produce any goods; on the contrary, it
only consumes resources, but it is essential for the functioning of human society. It is one of the
main pillars of the economy, giving people access to goods and services as well as work, social
interaction, education, business, healthcare, etc. From a global perspective, transport is crucial
for international trade, which would otherwise not be possible.
Transport is closely linked to economic development. The connection of a city or region
with large transport networks provides an impetus for the development of the local economy
and creates new jobs. In the European Union (EU), more than 5% (approx. 12.2 million) of the
total workforce were employed in the transport sector in 2018, contributing EUR 688 billion in
Gross Value Added to the EU economy [1, 2].
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Despite the unquestionable benefits, transport (besides industry and energy) belongs to the
first three sectors of the EU economy contributing the most to environmental degradation.
Fossil fuel consumption in transport is responsible for significant air pollution, making
transport one of the main contributors to climate change. On an aggregate level, Greenhouse
Gas (GHG) emissions decreased in the majority of sectors in last three decades; however,
domestic and international transport lags significantly behind in the decarbonisation efforts,
accounting for around one-quarter of GHG emissions produced in the EU and this share keeps
growing [3].
With growing population, aspirations for mobility will continue to grow. Prognosis of the
World Bank indicates that passenger traffic will increase by 50% in 2030 and freight volume is
expected to grow by more than 70% globally [4]. According to the fifth IPCC
(Intergovernmental Panel on Climate Change) Assessment report, if current trends persist
transport greenhouse gas emissions could double by 2050 as they are growing faster than
emissions produced by other energy end-users [5]. Led by CO2, the greenhouse gases are
considered to be the main driving force of anthropogenic climate change.
At the level of EU countries, road transport constitutes the highest proportion of overall
transport emissions, and in 2018 it accounted for 71% of all GHG emissions from transport
(including international aviation and international shipping). Passenger cars and vans account
for 72.5% of road transport emissions, followed by trucks and buses at 26.3%. Aviation sector,
followed by international maritime sector are the second and third biggest sources of transport
GHG emissions after road transport, and the share of emissions in these subsectors is expected
to increase in the coming years [6].
There is a broad consensus among the researchers and practitioners that the “business as
usual” approach in the transport sector is not sustainable in the long run.
In light of new EU´s initiatives to decarbonize the economy presented in the European
Green Deal as well as global initiatives such as UN´s Agenda 2030 or the Paris agreement, it is
more than clear that the transport sector will play a crucial role in sustainable growth and
climate change mitigation strategies. Therefore it is inevitable to monitor the transport sector
and assess its economic and environmental aspects. The paper aims to discuss the relationship
between transport related GHG emissions produced in EU countries and economic
development of the region. To assess the link between economic growth and transport-related
greenhouse gas emissions, the decoupling method was applied and decoupling elasticity was
calculated, indicating different stages of decoupling of the two variables. Although many
researchers have addressed the relationship between the effects of transport and economic
development, a ranking of countries according to the extent of this dependence has not yet been
established. The twenty-year time span was divided into five periods, which allow a more
detailed overview of the development of decoupling in individual countries. At the same time,
the whole period is assessed, which makes it possible to assess the decoupling of economic
growth and greenhouse gas emissions from a long-term perspective. Authors of the paper
believe that the findings presented can serve as an information base for responsible and
informed decision-making in the field of transport decarbonisation in terms of ensuring the
convergence of transport policies with climate and energy policies both at national and EU
level in order to achieving climate neutrality.
The paper is organized as follows. First, the EU transport policy framework is briefly
outlined, with a focus on recent policy actions and initiatives related to this topic, and the
previous empirical research is reviewed. The next section outlines the research methodology
and data sources used. The final section presents the results obtained, followed by the
discussion of the results and limitations of the research.
Literature and policy background
Historical data witness a strong correlation between economic growth and environmental
and social effects of this growth. However, efforts to reduce the dependence between the two
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should respect the basic principles of sustainable development [7]. The European Union as one
of the major international actors seeks long-term sustainability. One of the main building
blocks of the European growth strategy is meeting several objectives concerning energy and
climate change [8]. However, mitigating negative environmental effects of the transport sector
is a challenge for EU´s environmental policy and several initiatives have been developed to
stimulate more sustainable transport approaches. The sustainability principle of the transport
sector was one of the main messages of the White paper of European transport policy for 2010:
time to decide, published in 2001 by Directorate-General for mobility and transport [9]. The
integration of environmental considerations within the transport sector was significantly
extended with the publication of the second White Paper on transport – Roadmap to a single
European transport area – towards a competitive and resource-efficient transport system,
published in 2011 [10]. Along with the Roadmap for moving to a competitive low carbon
economy in 2050 [11] and the Energy roadmap 2050 [12], it was developed in line with the
objective to reduce Europe's GHG emissions by 80 to 95% by 2050 compared with 1990 levels.
The document points to the strong dependence of transport on fossil fuels and the related
production of GHG emissions and it sets the quantitative targets for their reduction in the
transport sector by 60% by 2050.
To strengthen the EU´s actions towards sustainable transport and mobility, the urban
mobility package was adopted in 2013. The action plan provides recommendations for all
levels of government as well as other important stakeholders such as public and the private
sector to participate in actions toward more sustainable urban mobility.
More recent initiatives in this area are the urban agenda for EU (established in 2016) and
Partnership urban mobility action plan (finalized in 2018).
From the environmental perspective, the most significant EU transport policies and
strategies include the Eurovignette Directive and its revisions; the directive on alternative fuels
infrastructure [13]; the air pollutant and greenhouse gas emission standards for cars, vans, and
heavy-duty vehicles [14]; the revised Clean Vehicle Directive [15]; and the Environmental
Noise Directive [16]. Several of these EU-level policies have been part of the three mobility
packages that were adopted during 2017–2018. These policies reduce the environmental
impacts of transport either by reducing transport demand ('avoid' policies), by shifting towards
more environmentally friendly and energy-efficient transport modes ('shift' policies) or by
improving the environmental sustainability by reducing energy consumption and negative
environmental impacts of transport ('improve' policies) [17]. The timeline of the most
important milestones in the development of EU transport legislation and strategic documents
are shown in Figure 1.

Figure 1. Timeline of the EU transport legislation and strategies development

Transport sector falls under several cross-cutting legislation documents aiming to reduce
the negative environmental impacts of economic activities. A new National Emissions Ceiling
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(NEC) Directive (2016/2284/EU) entered into force on 31 December 2016. Replacing earlier
legislation it sets 2020 and 2030 national emission reduction commitments for EU member
states for five main air pollutants that contribute to the negative impact on the environment and
human health. Although not directly focused on transport, a very close connection can also be
found with the “Clean Energy for all Europeans package” focused to the transition from fossil
fuels towards cleaner energy [18].
In November 2018, the Commission adopted the communication “A clean planet for all: a
European strategic long-term vision for a prosperous, modern, competitive and climate-neutral
economy” [19]. It provides a vision for a climate-neutral Europe through a positive long-term
transformation focused for example on energy efficiency, deployment of renewables, and more
circular and resource-efficient economy including bio-economy and natural carbon sinks but
also to cleaner, safer, and connected mobility [20, 21].
The issue of transport sustainability also resonates in the European Green Deal, which aims
to reduce greenhouse gas emissions from transport by 90% by 2050. The Commission intends
to adopt a comprehensive strategy to achieve this goal and to ensure that the EU transport
sector is compatible with a clean, digital and modern economy [22]. The milestones of
Sustainable and smart mobility strategy are captured in Figure 2.

Figure 2. The milestones of Sustainable and smart mobility strategy [22]

These EU initiatives fit into the context of global events such as Agenda 2030 for
Sustainable Development and its Sustainable Development Goals (SDGs) and the Paris
Agreement on climate change with its objective to keep the global temperature increase to well
below 2 °C and pursue efforts to keep it to 1.5 °C. Although transport is not addressed in
Agenda 2030 in a stand-alone goal, there are a number of Sustainable Development Goals
directly linked to transport, including SDG 3 on health (increased road safety), SDG 7 on
energy (fossil fuel consumption), SDG 8 on decent work and economic growth, SDG 9 on
resilient infrastructure, SDG 11 on sustainable cities (access to transport and expanded public
transport), SDG 12 on sustainable consumption and production (ending fossil fuel subsidies),
SDG 13 on climate action (generation of GHG emissions) and SDG 14 on oceans, seas, and
marine resources. However, sustainable transport has an inter-linkage impact on nearly all of
the 17 SDGs.
Journal of Sustainable Development of Energy, Water and Environment Systems
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Previous empirical research
Exploring the interrelationship between economic growth and the environmental aspects of
transport, in particular, the over-exploitation of fossil resources and the production of
greenhouse gases contributing to climate change is the subject of a great number of studies
carried out in many countries and regions. Taking Europe as an example, Tapio [23] examines
relationships between GDP, road traffic volume, and CO2 emissions from road traffic in
Finland between 1970 and 2001 and compares it with the aggregated results of 15 EU member
states. Tapio also presents the theoretical framework of decoupling and defines different
degrees of decoupling. Mazzarino [24] applies static approach to assess energy consumption
and carbon dioxide emissions produced by the transport sector in Italy during the period 1980
and 1995. Using decomposition scheme he determines that growth of GDP is the main driving
force of increasing CO2 emissions. McKinnon [25] examines factors responsible for
decoupling of road freight transport and economic growth in the UK and he concludes, that
from the public policy perspective, the decoupling is in the right direction, however, the net
environmental benefits are quite modest.
Some studies focus on different transport modes; e.g., Sorrell [26] is paying attention to
road freight transport in the UK. Between 1989 and 2004 the country achieved relative
decoupling as the energy consumption of road freight transport has grown more slowly than the
economy. The study revealed that compared to other EU countsries, the UK was more
successful in decoupling its environmental impacts of road freight transport from GDP. The
main factor contributing to decoupling between two variables was the declining value of
manufactured goods relative to GDP. Gray et al. [27] performed the decoupling analysis of
economic growth, transport growth, and carbon emissions in Scotland. They believe that
decoupling transport demand from economic development is a prerequisite for long-term
sustainability.
Comparative study between two European countries – United Kingdom and Spain were
performed by Alises et al. [28]. They focus on assessing the decoupling trend of road freight
transport and GDP. The results reveal significant differences between countries: while in the
UK they experienced absolute decoupling, in Spain it was only relative decoupling. The most
important drivers in this case were the share of different industries within GDP and the
evolution of road freight transport intensity.
Decoupling studies are very frequent in other countries. Especially in China, decoupling
methods are frequently used for assessing the relationship between economic development and
CO2 emissions produced by various sectors, e.g., construction industry [29,
30], manufacturing industry [31, 32], and tourism industry [33].
Transport as the main energy-consuming and carbon-producing sector in China is under the
scrutiny of researchers. From a geographical perspective, the studies cover the whole country
(e.g., [34, 35]) or individual regions (e.g., [36, 37]). Despite slight deviations, most studies
indicated the weak decoupling state, offering empirical evidence on relative decoupling of
transport-related carbon emissions from economic growth. However, since transport is one of
the most challenging issues of growing urbanization, studies carried out at a city level are not
exceptional either. For example, Fan and Lei [38], and Wang and Liu [41] investigated driving
forces and impacts of transport related carbon emissions in Beijing. The cities of Shanghai and
Tokoi were compared in the study by Luo et al. [39], who performed factorial decomposition
of urban transport carbon emission in these cities. Onother four municipalities in China were
investigated by Wang et al. [40] in order to determine the driving factors affecting carbon
emissions from transport sector.
Results of the studies vary significantly; e.g., Wang et al. [39] performed a decoupling
analysis on the relationship between economic output and CO2 emissions in the transport sector
in four of China´s municipalities. The results show weak decoupling in Beijing, strong
decoupling in Shanghai, and Tianjin and negative decoupling in Chongqing.
Journal of Sustainable Development of Energy, Water and Environment Systems
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More global perspective was adopted in the multinational study performed by Lu et al. [42].
Authors discuss the decomposition and decoupling effects of CO2 emissions from highway
transport in Taiwan, Germany, Japan and South Korea. They conclude that the rapid economic
development and car ownership were the most important drivers for the increased CO2
emissions, while population intensity contributed to emission reduction.
Scholl et al. [43] provide a comparative analysis of nine OECD (Organisation for
Economic Co-operation and Development) countries, discussing the main driving forces of
decoupling CO2 emissions from transport, including transport activity, modal structure and
transport energy intensity. Results show that increase of travel activity and modal shifts led to
an increase in energy use, while the reduction in modal energy intensities reduced energy use
from automobiles in the USA and in air travel in the sample of countries. Similarly, the
increased activity and modal shifts were the drivers of increasing CO2 emissions from
passenger transport in every country except the USA.
Environmental externalities (carbon emissions) as well as social externalities (fatalities) of
transport are discussed in the study of Loo and Banister [44] conducted for 15 major countries
including the USA, China, Japan, the Russian Federation but also some European countries,
e.g., Germany, France, United Kingdom, Spain, and Italy. Results of decoupling analysis vary
in terms of timing, consistency, form, and magnitude. However, authors conclude that over the
22 year study period, reduction of carbon emission from the transport sector is more difficult
than the reduction of transport-related fatalities.
RESEARCH METHOD
To assess the relation between the transport-related GHG emissions produced in EU
countries and economic development of these countries, the decoupling method was applied.
Decoupling in the general sense of the word expresses the process by which one dependent
variable becomes increasingly independent of the other (independent) variable as a result of a
change in external conditions over time.
This approach has an important position in the sustainable development literature and is
extensively used by environmental researchers. However, it is not just a theoretical concept,
but also an important political goal to ensure prosperity and growth in the quality of life
without excessive environmental degradation.
Decoupling can take two basic forms: relative ("weak") or absolute ("strong") [45]. In the
case of relative decoupling, both variables continue to develop in the same direction in
correlation with each other, but at a different pace than in the initial state. Thus, it may typically
be a reduction in some type of impact per unit, but as units continue to grow, so do the overall
impacts. On the contrary, absolute decoupling expresses the state when one variable increases,
while the other decreases in the overall summary (or increases if it decreased in the initial
state).
Environmental decoupling (applied in this study) works with two variables: (1) economic
(independent) variable (most often expressed in terms of GDP) and (2) resource consumption
and/or environmental impacts (dependent variable). For the purposes of this study, we will
further focus on the only one specific dependent variable, which is the anthropogenic
transport-related greenhouse gas emissions. These fall into the category of negative
environmental externalities, but are also intimately linked to the consumption of fossil energy
sources.
For a better understanding and the assessment of the decoupling of economic growth and
transport-related GHG emissions, the decoupling index (DI) can be calculated. This index
refers to the ratio of (1) change in the rate of environmental pollution (e.g., production of
greenhouse gas emissions) to (2) change in the rate of economic growth (expressed, e.g., in the
form of GDP) within a certain time period.
Journal of Sustainable Development of Energy, Water and Environment Systems
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For example, if we define the change in the rate of GHG emission production between year
t and year t–1 as:
(𝐸𝐸 −𝐸𝐸 )
∆𝐸𝐸𝑡𝑡 = 𝑡𝑡𝐸𝐸 𝑡𝑡−1
(1)
𝑡𝑡−1

and the change in the rate of economic growth as:
∆𝐺𝐺𝑡𝑡 =

(𝐺𝐺𝑡𝑡 −𝐺𝐺𝑡𝑡−1 )
𝐺𝐺𝑡𝑡−1

(2)

then the Decoupling Index in year t is as follows:
∆𝐸𝐸

(3)

𝐷𝐷𝐷𝐷𝑡𝑡 = ∆𝐺𝐺𝑡𝑡

𝑡𝑡

If the economic variable continues to grow, i.e.∆𝐺𝐺𝑡𝑡 > 0, then 𝐷𝐷𝐷𝐷𝑡𝑡 may imply one of three
following scenarios. When 𝐷𝐷𝐷𝐷𝑡𝑡 > 1, it means the increasing rate of environmental pollution
(GHG emissions) is similar to or exceeds economic growth. In this case, no decoupling or
coupling is taking place. In other words, as the economy grows, resource consumption and
environmental degradation increase rapidly. This refers to the first half (climbing stage) of the
Environmental Kuznets Curve (EKC). When 𝐷𝐷𝐷𝐷𝑡𝑡 equals 1, it is the turning point between
absolute coupling and relative decoupling. In the stage of absolute coupling, a higher 𝐷𝐷𝐷𝐷𝑡𝑡 value
implies stronger resource dependency of economy, lower resource efficiency, and heavier
environmental pollution [7].
When 0 < 𝐷𝐷𝐷𝐷𝑡𝑡 < 1 it means the rate of growth in resource consumption or environmental
pollution (e.g., GHG emissions) decreases compared to economic growth. In this case, relative
(weak) decoupling is taking place. When 𝐷𝐷𝐷𝐷𝑡𝑡 ranges from 0 to 1, lower 𝐷𝐷𝐷𝐷𝑡𝑡 means higher
resource efficiency and lower dependence on natural resources.
When 𝐷𝐷𝐷𝐷𝑡𝑡 = 0, it means that environmental impacts remain constant.
When resource consumption or environmental pollution (e.g., GHG emissions) decreases
while the economy keeps growing, then 𝐷𝐷𝐷𝐷𝑡𝑡 < 0 . Here the relationship between the
environment and the economy can be described as the declining stage” of the EKC (in this case
∆E and ∆G have opposite signs), and absolute (strong) decoupling occurs.
More precisely, according to Xu et al. [46], decoupling can be divided into seven stages:
weak decoupling, strong decoupling, recessive decoupling, strong negative decoupling, weak
negative decoupling, expansive negative decoupling, and critical (Table 1).
Table 1. Decoupling classification (modified from [46, 47])
∆Et
<0

∆Gt
>0

DIt
DIt< 0

>0

>0

0 <DIt< 1

<0

<0

DIt> 1

>0

<0

DIt< 0

<0

<0

0 <DIt< 1

>0

>0

DIt> 1

>0,
(<0)

>0,
(<0)

DIt = 1

Decoupling stage
Absolute (strong)
decoupling
Relative (weak)
decoupling
Recessive
decoupling
Strong negative
decoupling
Weak negative
decoupling
Expansive
negative
decoupling
Critical

Description
The rate of change is negative for environmental
impact/pressure and positive for economic growth
The rate of growth is lower for environmental
impact/pressure than for the economy
The rate of the decrease is higher for
environmental impact/pressure than for the
economy
The rate of change is positive for environmental
impact/pressure and negative for the economy
The rate of the decrease is lower for environmental
impact/pressure than for the economy
The rate of growth is higher for environmental
impact/pressure than for the economy
The rates of change are equal for environmental
impact/pressure and economic growth
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Graphical representation of decoupling stages is captured in Figure 3.

Strong negative
decoupling
𝐷𝐷𝐷𝐷𝑡𝑡 < 0
Weak negative
decoupling
0 < 𝐷𝐷𝐷𝐷𝑡𝑡 < 1

∆𝐸𝐸𝑡𝑡

Recessive
decoupling
𝐷𝐷𝐷𝐷𝑡𝑡 > 1

Expansive negative
decoupling
𝐷𝐷𝐷𝐷𝑡𝑡 > 1

Relative (weak)
decoupling
0 < 𝐷𝐷𝐷𝐷𝑡𝑡 < 1

Absolute (strong)
decoupling
𝐷𝐷𝐷𝐷𝑡𝑡 < 0

∆𝐺𝐺𝑡𝑡

Figure 3. Decoupling stages

This study aims to quantitatively assess the environmental performance of the transport
sector in EU member states. The analysis is performed via the decoupling method, which
allows for the assessment of the mutual relationship between the economic growth of the EU
member states and the production of transport-related GHG emissions.
The data for the analysis was obtained from the databases of Eurostat. Gross domestic
product (GDP) is extracted at current prices (million EUR) and transport-related greenhouse
gases (GHGs) consisting of so-called “Kyoto basket” greenhouse gases (thousand tons). These
gases include CO2, N2O in CO2 equivalent, CH4 in CO2 equivalent, HFCs
(hydrofluorocarbons) in CO2 equivalent, PFCs (perfluorinated compounds) in CO2 equivalent,
SF6 in CO2 equivalent, and NF3 in CO2 equivalent.
The decoupling of transport-related GHG emissions and the economic growth of the EU
member states presents the ratio of percentage units of changes in GHG emissions produced by
the transport sector and the percentage of units of change in gross domestic product of the EU
member states in the analysed time period. For a more precise analysis, the decoupling
indicator will be distributed to the different stages according to Table 1.
RESULTS
For the purpose of this study, we have performed the analysis of the relation between
economic growth of EU member states and transport-related GHG emissions.
The analysed period covers a 20-year span, from 1997 to 2017. ∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 and ∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 values
were calculated using data from available databases of the Eurostat using eq. (1) and eq. (2).
Subsequently, the value of decoupling index 𝐷𝐷𝐷𝐷𝑡𝑡 was calculated using eq. (3). We used
Greenhouse Gas Emissions as variable 𝐸𝐸𝑡𝑡 and Gross Domestic Product as variable 𝐺𝐺𝑡𝑡 .
First, we divided the analysed period into 4-year intervals. Table 2 shows the results of the
decoupling index of 28 EU countries as well as stages of decoupling achieved by the countries
within the monitored intervals.
Based on the decoupling analysis of the EU 28 in the period 1997–2017, countries spread
into four categories. Absolute (strong) decoupling, which is also the equivalent of the green
growth, occurs in 48 cases (34%). In this subcategory, the GDP increases, and negative
environmental impacts decrease. Thus the decoupling index is below 0. This is the best case for
Journal of Sustainable Development of Energy, Water and Environment Systems
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both the economy and the environment. Interval 2009–2013 can be considered as the most
successful as the absolute decoupling was reached by a total of 18 European countries.
Relative (weak) decoupling occurs when the growth rate of the transport-related GHG
emissions is positive but less than the growth rate of the economic variable (GDP). Decoupling
occurs to some extent because GHG emissions grow more slowly than the GDP, but it is weak
since the absolute amount of GHG emissions produced by the transport sector nevertheless
continues to grow. Relative decoupling is the most frequent stage of decoupling in our study, as
it occurs in 77 cases (55%). This form of decoupling most often occurred in the period
2001–2005, when a total of 21 European countries achieved relative decoupling.
Table 2. Decoupling index of the EU 28 within 5 time periods
1997–2001 2001–2005 2005–2009 2009–2013 2013–2017
EU member state
–0.69
Austria
1.30
1.11
0.28
0.35
–0.48
Belgium
0.36
0.26
0.15
0.25
–0.69
Bulgaria
1.80
0.93
0.15
1.18
–1.03
Croatia
0.70
0.69
0.37
0.96
Cyprus
0.38
0.40
0.23
4.06
0.57
–0.81
Czechia
1.24
1.38
0.09
0.59
–0.01
–0.02
–0.50
Denmark
0.49
0.37
–0.04
Estonia
0.50
0.13
0.15
0.41
–0.27
–0.15
–0.31
Finland
0.10
0.34
–0.07
–0.44
France
0.18
0.04
0.10
–0.81
–0.33
Germany
0.02
0.19
0.30
Greece
0.46
0.46
0.78
2.29
0.59
–1.34
Hungary
0.63
0.92
0.39
1.75
–0.43
–0.64
Ireland
0.91
0.48
0.12
–0.53
–1.60
–0.30
Italy
0.36
0.25
–0.43
Latvia
0.79
0.40
0.18
0.86
–0.34
Lithuania
0.47
0.12
0.05
1.61
–0.49
–0.46
Luxembourg
1.00
1.42
0.17
–0.41
Malta
0.66
0.32
0.73
0.25
–0.22
–0.38
–0.27
Netherlands
0.15
0.42
–0.13
Poland
0.00
1.11
0.76
1.93
–0.01
–0.20
–3.90
Portugal
1.19
0.54
–0.16
–0.05
Romania
0.13
0.32
0.61
–0.23
–0.10
Slovakia
0.26
0.74
0.75
–0.49
Slovenia
0.47
1.14
0.28
0.07
–0.32
–9.75
Spain
0.68
0.48
0.57
–0.18
–0.54
–0.50
Sweden
0.13
0.37
–0.04
–0.70
–0.26
United Kingdom
0.14
0.34
Legend:
Absolute (strong) decoupling
Relative (weak) decoupling
Expansive negative decoupling
Recessive decoupling

Expansive negative decoupling reflects the high rate of economic growth associated with
the increase in traffic intensity and the even greater increase in transport-related GHG
emissions. During the studied period, there were detected 13 cases (9%) of expansive relative
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decoupling, relatively evenly distributed between the examined intervals, with the exception of
the period 2005–2009, where there is only one case and the period 2009–2013, where there is
no case of expansive negative decoupling. This is a period of the financial and economic crisis
in which none of the European countries have experienced high economic activity.
Recessive decoupling occurs in only two cases, namely Greece and Cyprus in the period
2009–2013. This is the period after the financial crisis, which significantly affected the
economic development of both countries.
In the next part of our analysis, a summary decoupling index for individual European
countries is calculated, where we worked with boundary values, i.e. t (2017) and t–1 (1997).
The calculated decoupling indicator allows constructing a country ranking according to the
size of the achieved degree of decoupling.
As can be seen from Table 3, the results of the decoupling index for individual EU
countries are not very favourable in the long run. Only 8 countries achieved absolute (strong)
decoupling in the whole evaluated period 1997–2017, namely Italy, Sweden, Germany, Greece,
United Kingdom, Finland, Netherland, and France. These countries have managed to achieve
economic growth without simultaneously increasing transport-related GHG emissions. These
results are also consistent with the studies of Alises et al. [28] and Sorrell [26].
Table 3. Decoupling index and country ranking (1997-2017)
Country
Italy
Sweden
Germany
Greece
United Kingdom
Finland
Netherlands
France
Denmark
Belgium
Portugal
Spain
Estonia
Malta
Slovakia
Cyprus
Romania
Ireland
Slovenia
Lithuania
Luxembourg
Latvia
Austria
Hungary
Croatia
Czechia
Poland
Bulgaria

∆Et

∆Gt

DIt

Decoupling stage

–0.15705
–0.14374
–0.05667
–0.02949
–0.04751
–0.03506
–0.02023
–0.01648

0.836387
1.39383
1.134713
0.680658
1.231052
1.298298
1.299204
1.21877
1.375553
1.364541
1.115516
1.5255
2.97817
2.354239
2.230406
1.657763
3.157272
3.487366
1.460971
2.727932
2.669545
2.470548
1.342358
1.82326
1.532513
1.653707
2.295111
2.130356

–0.18777
–0.10312
–0.04994
–0.04333
–0.03859
–0.027
–0.01557
–0.01352

Absolute (strong) decoupling
Absolute (strong) decoupling
Absolute (strong) decoupling
Absolute (strong) decoupling
Absolute (strong) decoupling
Absolute (strong) decoupling
Absolute (strong) decoupling
Absolute (strong) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling
Relative (weak) decoupling

0.053767
0.096866
0.139129
0.192976
0.388883
0.329529
0.318527
0.245417
0.468255
0.555495
0.240291
0.501909
0.513792
0.611984
0.474944
0.65933
0.626928
0.770858
1.226651
1.174275

0.039087
0.070988
0.124721
0.1265
0.130578
0.139973
0.142811
0.148041
0.14831
0.159288
0.164473
0.183989
0.192464
0.247712
0.353813
0.361621
0.409085
0.46614
0.534462
0.551211
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
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Other countries achieved relative decoupling during the period under review, which can be
considered a partial success, as continuous economic growth was associated with growth in
GHG emissions, but these grew at a slightly slower pace.
A graphical representation of the results of the decoupling analysis is presented in
Figure 4.
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Figure 4. Distribution of the EU countries into decoupling stages

As part of the evaluation of the entire group of EU countries, the dependence between
economic growth and transport-related GHG emissions was determined, using correlation and
regression analysis. The results of the correlation analysis suggest that the dependence between
the monitored variables was not confirmed within the entire observed period 1997–2017 (𝑅𝑅 =
0.10).
The period under review was characterized by several turbulences due to the financial and
economic crisis. However, when dividing this period into smaller parts, there can be found a
positive correlation in the period from 1997–2007 (Figure 5a) and also from 2012–2017
(Figure 5c) (in both cases 𝑅𝑅 = 0.95). The statistical significance of the correlation coefficient
for both of these periods was confirmed by the tests. During this period, EU countries manage
to expand economically, but at the same time, this growth also brings an increase in
transport-related GHG emissions. This analysis also confirms the previous findings that there
is only a relative decoupling of transport-related GHG emissions from economic growth within
EU countries.
Subsequently, a correlation analysis of the EU countries in the period 2007–2012 was
performed, i.e. the period when the consequences of the financial and economic crisis became
evident. The results of the analysis confirm the negative dependence of the monitored variables
(𝑅𝑅 = −0.90). The significance of the coefficient was also confirmed by the test. During this
period, despite of slight but continuing economic growth there is a significant decrease in
transport-related GHG emissions. This period represents the decreasing part of the
Environmental Kuznets Curve (Figure 5b).
Figure 5 shows the course of emissions depending on the economic development within
the sub-monitored periods. Using regression analysis, the development trend in these periods
was calculated.
Journal of Sustainable Development of Energy, Water and Environment Systems

11

Chovancová, J., et.al.
Decoupling transport-related greenhouse gas emissions …

Year 2022
Volume 11, Issue 1, 1090411

The x-axis shows GDP in EUR billions (1012), the y-axis shows transport-related GHG
emission in milliards (109) of tons. The dashed line shows the real values and the solid line is
the development trend obtained by regression analysis.

(a)

(b)

(c)
Figure 5. Development trend of the relationship between economy and transport-related GHG
emissions in sub-monitored periods: 1997–2007 (a); 2007–2012 (b); 2012–2017 (c)

DISCUSSION
The question remains whether the current observed rate of decoupling in the European
Union corresponds to an increase in long-term climate change mitigation ambitions. In
December 2019, the European Council decided on the goal of achieving climate neutrality by
2050 in line with the Paris Agreement [48], a commitment that will also be reflected in the
currently proposed European Climate Law [49]. In this proposal, European Commission
announced its intention to increase the Union´s greenhouse gas emission reduction target for
Journal of Sustainable Development of Energy, Water and Environment Systems
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2030 from 40% to 50–55% emission reduction compared with 1990 levels. If the countries of
the European Union really want to aim at "net zero" in terms of carbon emissions by the middle
of the 21st century, it requires some kind of qualitative breakthrough, systematic and continual
decarbonisation of the economy, the higher level decoupling.
It is also worth noticing the fact that in practice it is much easier to achieve emission
savings at the beginning of the timeline (thanks to the so-called low-hanging fruits). On the
contrary, EU forecasts predict an accelerating pace of decarbonisation after 2030.
The European Commission underlines that all Union policies should contribute to the
climate-neutrality objective and that all sectors should play their part [49]. Based on previous
empirical research, the majority of sectors including energy [50], industry [55] and agriculture
[56] have been successful in their decarbonisation efforts and many countries already achieved
absolute decoupling. Especially in case of energy sector, a vast number of evidence from
different countries and regions, e.g., V4 (Visegrád Group) countries [51, 52], Baltic states [53]
and Danube region countries [54] confirms that decoupling of carbon emissions from
economic growth from is possible. However, as the results of our research show, it is not the
case of the transport sector, where GHG emissions still have a growing tendency.
The emerging trend of (limited) decoupling of the transport-related GHG emissions and
economic growth in the European Union in recent years may be helped in the future by greater
use of mitigation measures. These can be based on carbon charging, such as the EU ETS
(Emissions Trading System) – the intended European carbon taxes at the national level, on
fixed standards (tightening emission limits for newly manufactured vehicles) or on investment
and operational support for emission savings and low-emission and renewable energy sources
in transport.
However, technological innovation cannot be seen as a silver bullet for all sustainability
issues caused by transport. Mattioli [57] points out that the 20th century brought a huge
number of technological improvements, however, these were offset by the “human factor” (in
terms of increased travel distances, increased car modal share, decreased vehicle occupancy
rates, and a shift towards larger and more fuel-intensive vehicles). This so-called rebound
effect occurs when savings in fuel consumption and production of emissions brought by
technological innovations may not lead to minimizing the travel or energy consumption of
individuals, households, and companies, but rather to their increase [58]. Therefore Schwanen
[59] calls for the concepts that disrupt habitual thinking, based on oil-dependent transport
configuration typical for the mid-20th century.
The use of decoupling in the assessment of sustainable development has several benefits: it
is relatively simple and easy to understand and provides a quantifiable view of the relationship
between economic growth and the associated environmental impacts. Due to the quantification
of the decoupling index, we can assess the sufficiency of decoupling strategies and achieving
the goals of environmental sustainability. It allows us to track the trends, compare the
decoupling development among countries, and set appropriate decoupling strategies, policies,
and targets. Nevertheless, it is necessary to mention the limits of the use of this method. The
first shortcoming may be the division of the observed period into shorter time intervals. The
results may be skewed due to the selection of boundary values for each time interval. Another
limiting factor of this method is that the evaluation does not consider the biological capacity of
the evaluated countries, i.e. the ability to absorb or cope with the environmental pressures
associated with economic activity in a particular country.
Even achieving absolute (strong) decoupling does not automatically mean a reduction in
negative environmental impacts, while the economy is growing. Especially in the case of
developed economies (such as EU countries), which have shifted from production-oriented
economies to service-oriented economies, growth in imports of semi-finished or finished
products is typical. In this case, negative externalities occur in other (production-oriented)
countries. Developed countries may thus appear to be more energy and material efficient, as
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they produce fewer emissions per unit of GDP. Globally, however, the same (or greater)
pollution is produced, but off-shored.
Another disadvantage (but not just of the decoupling method) is the use of GDP. Although
this paper may not have the ambition to address in-depth the issue of economic performance
indicators, it is desirable to summarize the main shortcomings of GDP as the main standardized
metric. By its very nature, GDP cannot measure: negative externalities (environmental, health,
etc.); non-market transactions (household or family services, barter); income inequality;
accumulated wealth; the value of freely shared information; sustainability in any sense of the
word.
Against this background, the often recurring question is to what extent it makes sense to use
GDP as the proper metric for the success of the economic unit and/or quality of life. Possible
missing evidence of adequate decoupling analysis can then serve as a supporting argument for
abandoning this metric and searching for other alternatives that can be used, e.g., Human
Development Index (HDI), Genuine Progress Indicator (GPI), Gross National Happiness
(GNH), etc.
CONCLUSIONS
Although the European Union has been able to expand economically while reducing its
emission footprint in recent decades, as soon as growth exceeded a certain level, greenhouse
gas emissions also began to stagnate or grow. At the same time, the current European climate
ambitions, led by the goal of climate neutrality by the middle of the 21st century, call for a
several-fold acceleration of the observed rate of transport-related emission savings.
The analysis of decoupling of transport-related GHG emissions and economic growth
shows that although some countries experienced absolute (strong) decoupling in certain time
periods, in the long run (in the period 1997–2017) only eight European countries (Italy,
Sweden, Germany, Greece, United Kingdom, Finland, Netherlands, and France) achieved this
stage of decoupling. Other European countries achieved only relative (weak) decoupling
during this period. This may seem like a partial success, as emissions are rising but slower than
economic growth. However, in the light of the EU's high ambitions to achieve climate
neutrality by the middle of the century, a business as usual (or more precisely transport as
usual) approach will not be possible.
The contraction of the economy caused by the current coronavirus crisis may have the
similar impact – from a climate policy perspective –. as the financial and the economic crisis of
2008, which led to a dramatic (albeit only temporary) downward shift in GHG emission curves.
Despite all negatives associated with the crisis, this can be seen as an opportunity also for the
transport sector to embark on a trajectory leading to the fulfilment of Europe's climate
ambitions in the coming decades.
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