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Executive summary

Executive summary

Why this topic now?

In a year during which millions in Europe have been
confined to their homes and travel activity has dropped
dramatically, the question of whether one should

take the train or the plane might not seem pertinent.
However, before passenger numbers started dwindling
in the wake of the pandemic, demand for passenger
transport was on a steady upwards trajectory with

by far the strongest growth seen in air travel. This
long-standing trend is set against the backdrop of

the climate crisis and persistent problems with air
pollution and environmental noise in Europe. All modes
of motorised transport contribute to these problems
but to different degrees. The report's topic is also
linked to the question of how to achieve a green and
resilient economic recovery. The current situation

is an opportunity to reflect and to innovate. For

these reasons, 'train or plane?' remains a timely and
important question.

Policy context

The European Green Deal includes the objective of
reducing the greenhouse gas (GHG) emissions from
transport by 90 % by 2050 compared with 1990.
Facilitating a shift towards the most sustainable
transport modes can make an important contribution
to reaching this objective. For passenger transport, a
shift from air to rail travel potentially plays a key role.

Objective of the report

The aim of this report is to inform decision-makers on
the current status and environmental impact of rail and
air passenger travel in Europe. Furthermore, the report
looks at how travel choices and their environmental
impacts relate to the existing policy context:

which factors influence the future environmental
performance of these modes, and which policies and
actions can promote more environmentally sustainable
choices? To come to a satisfactory answer, it is vital

to understand the environmental consequences of
travelling by rail and air in mainland Europe. This is
assessed both in general and for a variety of actual
connections between European cities.

Scope and method

Twenty main city pairs within different distance bands, in
different parts of Europe and with varying degrees of rail
connection quality are analysed in the report. In addition,
for each of these pairs, an additional pair of alternative
locations in the vicinity of the main cities that is potentially
served by the same railway station or airport is analysed.
As the car is the dominant mode of passenger transport
in Europe and is still often seen as the default choice for
intercity travel, even for long distances, it is included in the
comparison as a point of reference. To maintain analytical
focus and to present in-depth information in the given
format, the emphasis is on rail and air travel. It is not

the report's ambition to compare all forms of motorised
passenger transport in Europe.

The external cost approach, as outlined in the
European Commission's handbook on the external
costs of transport (EC, 2019d), has been selected
because it offers an established way of putting one
cost figure on the emission impacts of transport on
human health and the environment. Non-emission
cost categories, such as accidents and congestion, are
included in the handbook but have been excluded
from the calculations in this report. It should be

noted that these costs can be very significant. For car
trips, accidents and congestion (in terms of the cost
of delay) are the two dominant categories and much
higher than for rail and air travel. On account of a

lack of comparable data, the emission costs related

to the manufacturing of trains, planes and cars, their
maintenance and scrapping, and the construction and
maintenance of the transport infrastructure are not
covered in the calculations. Hence, the scope is a well-
to-wheel/wake analysis, rather than a life cycle analysis.

Key findings

Looking at the general comparison and the specific
results for the city pairs, rail travel is always a sensible
choice. The emission impacts of aviation are invariably
higher on a passenger-kilometre basis. However, flying
is not necessarily the most harmful choice. This role is
often taken by the conventional car, if single occupancy
is assumed. Figure ES.1 displays the emission costs per

Transport and environment report 2020 — Train or plane?
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passenger for different rail, air and car travel alternatives
covering a distance of 500 km. The transport modes
included are the five most frequently used types of aircraft,
an electric intercity train (ICe), a high-speed train (HSR) and
three types of car with an occupancy rate of one person
and four people for each type.

As indicated by the error bars on the aircraft columns,
some uncertainty remains over the magnitude of the
non-CO, global warming effects of aviation. At the
central value of the non-CO, climate costs, travelling by
air causes more than six times higher emission costs
than travelling by HSR. HSR is found to be the most
environmentally friendly option because of the high
occupancy rate. Travelling in a well-occupied diesel, petrol
or electric car, with four passengers, also has significantly
lower emission costs per passenger than travelling by air.
However, the emission costs of only one person travelling
in a diesel or petrol car are among the highest of all travel
alternatives considered here. With average car occupancy
levels at around 1.5 people, a shift from car to rail would
also offer significant emission benefits.

Although the total emission costs of rail are lower
than those of air, the noise costs are comparable to
or, in the case of HSR for longer distances, higher

than those for air travel. For rail, the noise costs
depend on the distance, while for air travel they

do not, as they are generated during take-off and
landing. Considering the shares of the different cost
categories, for air travel the climate costs are the most
important cost category. For rail, the noise-related
costs have the highest share. The ranking between the
modes does not change significantly when a distance
of 1 000 km is considered instead of 500 km. However,
over a longer distance, the environmental costs of
travelling by air increase less than proportionally
because the environmental costs of landing and
take-off do not change with distance on a direct flight.
Occupancy level is the single most important factor
across all the modes considered. Whether a train,
plane or car is almost empty or 80 % full makes a big
difference to the result. This factor alone can make

a mode of transport the best or the worst choice for
the environment.

Figure ES.1

Emission costs of different transport modes (500 km)

Euros per passenger

25 7
20 1
15 l
10
5 -
0 T T T T T T T T T T T
A319 ‘ A320 ‘ B738 ‘ A321 ‘ ATR72 Electric ‘ Petrol ‘ Diesel Electric ‘ Petrol ‘ Diesel HSR IC
Air Car (1P) Car (4P) Train
M Climate (non-CO,) Climate (Well-to-tank) Climate (Tank-to-wheel) Air pollution Noise
Note: The error bars reflect the uncertainty for the non-CO, climate costs of aviation based on Cox and Althaus (2019).
Occupancy rates: aircraft 80 %; HSR 66 %; IC 36 %. WTT: well-to-tank, WTW: well-to-wheel/well-to-wake (see Figure 3.1 for definitions).
Source: EEA.

Transport and environment report 2020 — Train or plane?




Executive summary

Modal shift: effect and potential

Going from these findings to the question of

what a future shift from air to rail can bring is not
straightforward. A big shift to rail requires new
infrastructure. For new investment in rail to be
environmentally beneficial, the environmental
pressures related to the construction (e.g. from the
production of cement and steel, and the fuel used for
construction) and the maintenance of the infrastructure
must be compensated by the reduction in
environmental pressures that will be made possible by
the opening of the new rail link. New rail infrastructure
can quickly result in net GHG emission reductions if
the GHG intensity in the construction of the line is low
(i.e. if it does not require many complex structures,
such as tunnels and bridges), if there is a lot of traffic
diverted from more GHG-intensive modes of transport
and if the occupancy rate is consistently high. However,
more attractive rail options may also lead to additional
demand for transport. This could undo some of the
environmental gains from switching to rail.

The GHG emissions from aviation within the European
Economic Area and from the electricity used in the rail
sector are part of the same cap and trade system — the
EU Emissions Trading System (EU ETS). A shift from

air to electric rail transport would reduce the external
costs related to the non-CO, climate impact of aviation,
which is recognised as a source of global warming. It
would also reduce all other negative environmental
impacts (e.g. air pollution), as aviation has a relatively
higher impact per kilometre travelled than rail travel.
The effect on cumulative CO, emissions under the

EU ETS is relatively complex to assess with the current
rules and their treatment of aviation emissions. It
would require further quantitative analysis to draw
robust conclusions.

Furthermore, a realistic view of how much additional
demand Europe's railway system can absorb is
required. In the short term, passenger rail can grow
only modestly by increasing occupancy rates and by
offering additional railway services on the existing
infrastructure, where the maximum capacity and the
available rolling stock allows for that. In the medium
term, capacity can be added by procuring additional
rolling stock and by upgrading existing rail lines so
that they can support more traffic and higher speeds.
This can, for example, be done with modern signalling
equipment. In the long term, entirely new rail links can

be built and very significant capacity can be added.
Alongside more capacity, it also remains an important
objective to further improve the environmental
performance of rail travel. The continued
electrification of rail lines and noise mitigation are
important measures in this context.

At the same time, improving the environmental
performance of aviation remains highly important.
The renewal of the fleet with modern aeroplanes and
engines has already resulted in fuel efficiency gains.
The regulatory limits for engine nitrogen oxide (NO,)
emissions have been tightened over time and
individual aircraft have become less noisy. The more
widespread use of sustainable aviation fuel and
improvements in ground operations and air traffic
management could further reduce the negative
environmental impacts of aviation.

Lessons learnt

When it comes to supporting a smart modal shift,

one question is of central importance. In which cases
does flying offer irreplaceable benefits for travellers
and under which conditions can it be replaced with
less polluting modes, such as rail? As short-haul flights
have a disproportionate impact on health and the
environment, efforts should focus on replacing those
flights. This is typically also the travel distance for
which good, less polluting alternatives tend to be most
readily available or are easiest to develop. To strike

a better balance between rail and air travel, it would
also help to make cross-border rail travel hassle free.
Integrated booking and ticketing across Europe would
go a long way towards achieving this goal.

Rail and aviation should be complementary, as
they have distinct advantages and disadvantages
in what they offer. The findings of this report imply
that aviation should focus on connections where
there is not, or not yet, a reasonable alternative

to flying while working towards a more integrated
railway network across Europe. Rail and aviation also
offer the potential for multimodal trips, whereby

a trip combines air transport on one leg and a
railway trip on another leg, rather than travelling
the whole distance by air. For this to happen,
major airports need to be connected to the HSR
network. It is also important that choosing rail is
not just an environmentally sound, but also a more
affordable, choice.

Transport and environment report 2020 — Train or plane?
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As is apparent from some sections of the report, there
is a certain imbalance between the information and
studies available on the environmental impacts of

rail and aviation. Looking at the scientific literature,
aviation has so far attracted more research interest

in its environmental impact. Especially for embedded
emissions from vehicle manufacturing and operational
procedures and their impacts, rail is not well captured
in the literature. Addressing this imbalance would

help support decision-makers who are looking to
understand and encourage modal shift. The relative
lack of publicly accessible, harmonised data on rail
passenger numbers also makes the comparison more
difficult. It would be useful if official statistics in Europe
captured the number of people travelling between the
main European railway stations.

Transport and environment report 2020 — Train or plane?

Even when good alternatives to air travel are
available, it is also necessary that people make a
conscious choice for every longer trip and consider
all available transport options — regarding not just
their financial costs but also their environmental
costs. Making reliable and consistent environmental
information available is vital. A standardised way
of comparing the environmental performance of
the transport modes available for making a certain
trip would be an important step forward. Finally, a
broad-based shift towards rail requires a long-term
perspective, integrated planning at the European
level and rail transport capacity to match the future
demand that such a shift will entail.



1 Introduction

Introduction

The EU and governments around the world have
adopted the United Nations (UN) 2030 agenda for
sustainable development (UN, 2015b) and the Paris
Agreement on climate change (UN, 2015a). The recently
adopted European Green Deal forms part of the
European Commission's strategy to implement the

UN 2030 agenda and the Sustainable Development
Goals (SDGs). The ambition is to achieve climate
neutrality by 2050. Every sector should contribute. For
the transport sector the Commission's communication
on the Green Deal sets out the need to reduce
transport emissions by 90 % by 2050 (compared with
1990) (EC, 2019b). The recent proposal by the European
Commission for the next multiannual budget, entitled
'A recovery plan for Europe', is also geared towards
enabling a green and digital transition (EC, 2020e).

The European aviation environmental report 2019
indicates that the aviation sector causes substantial
environmental problems in terms of climate impacts
and local environmental problems (EASA et al., 2019).
Moreover, although environmental efficiency is
expected to improve further in the future, air travel

is also forecast to grow — although the timeline and
the rate of growth have become more uncertain on
account of the COVID-19 outbreak — leading to an
expected increase in the local and global environmental
impacts of air travel. Although actions can be
undertaken by the aviation sector itself to reduce its
environmental impacts, a shift to less polluting modes
is central to reducing the environmental footprint

of travel. Scenarios calculated by the International
Energy Agency (IEA) indicate that limiting the global
average temperature increase to below 2 °C also
requires the substitution of intra-continental flights on
medium distances of up to 1 000 km with high-speed
rail (HSR) (") (IEA, 2017).

There is also a growing awareness among citizens

of the environmental and climate problems caused

by air transport, with some of them being ready to
reconsider their travel behaviour, for example by
shifting from plane to train for their travel (EIB, 2020).
Moreover, within the context of the COVID-19
pandemic, environmental requirements or reducing
competition with HSR, for example by cutting relatively
short distance domestic routes or imposing a minimum
price for air tickets, are mentioned as a condition

for state aid for airlines. Examples can be found in
France (RailExpress, 2020), Austria (Grull, 2020) and the
Netherlands (Morgan, 2020a).

For medium to longer distance passenger travel up to
1 000 km within mainland Europe, which is the main
scope of this report, people have different options
besides air transport: rail (including HSR), coach and
car. To varying degrees these modes are substitutes
for air transport in this market segment. This report
focuses on rail and air passenger transport. In addition
to being substitutes, they also offer potential for
multimodal trips, whereby a trip combines air transport
on one leg and a railway trip on another leg, rather
than travelling the whole way by air.

The aim of the report is to get a better insight into the
following questions:

+  What are the environmental consequences of
travelling by rail and/or air transport for medium- to
long-distance travel in mainland Europe? This is
assessed both in general and for a selection of 20
city pairs in Europe.

+ How are these choices and their environmental
impacts affected by the existing policy context?

(") HSRrefers to rail services operating on specifically designed lines with a maximum operating speed of at least 250 km/h and services operating
on conventional lines with a maximum operating speed of at least 200 km/h.

Transport and environment report 2020 — Train or plane?
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+  Which factors influence the future environmental
performance of these modes and which policies
and actions can promote a more environmentally
sustainable modal choice?

The structure of the report is as follows. First,
Chapter 2 gives an overview of the evolution of

rail and air transport in Europe and their market
share and projected evolution, referring also to the
uncertainties created by the COVID-19 crisis. The
chapter also sketches the broader context of these
two sectors. Next, Chapter 3 describes the main
environmental impacts of rail and air transport
and presents evidence on the magnitude of these
impacts as well as their evolution over time. Then,

Box 1.1 Country groupings

Chapter 4 provides an overview of the relevant EU,
national and international policies concerning rail
and air transport and their environmental impacts.
Chapter 5 gives further insight into the environmental
costs of travelling by rail and air, based on the
analysis of specific city pairs. In addition, it discusses
the environmental gains that could be obtained by

a modal shift from air to rail. Special attention is
given to the role played by the EU Emissions Trading
System (ETS). Finally, Chapter 6 discusses how
future developments are expected to change this
picture and which actions and policies can play a
role in improving the environmental sustainability of
modal choices.

Throughout the report, abbreviations are used to refer to specific country groupings. The following definitions are used:

+ EU-28: the 28 EU Member States as of 1 July 2013 to 31 January 2020;

+ EU-27:the 27 EU Member States as of 1 February 2020;

+ EEA-33: the 33 member countries of the EEA as of 1 July 2013 to 31 January 2020 (28 EU Member States plus Iceland,

Liechtenstein, Norway, Switzerland and Turkey);

+ EEA-32: the 32 member countries of the EEA as of 1 February 2020 (27 EU Member States plus Iceland, Liechtenstein,

Norway, Switzerland and Turkey);

+ EFTA countries: countries of the European Free Trade Association: Iceland, Liechtenstein, Norway and Switzerland;

+ European Economic Area: EU-27 Member States plus Iceland, Norway and Liechtenstein. The European Economic Area
status of the United Kingdom applies until 31 December 2020.

Transport and environment report 2020 — Train or plane?



Passenger rail and air transport in Europe

2 Passenger rail and air transport in Europe

Key messages

+ Despite the rapid growth of high-speed rail in the last few decades, passenger rail transport is still mainly seen by users

as a viable choice for domestic travel.

+ Thereis not yet a real European high-speed rail network because of a lack of connections between the national lines.

+ Air travel in the EU-28 grew considerably between 2000 and 2018. A substantial share of air travel and flights is national
or intra-EU, market segments for which rail can be an alternative.

+  While high-speed rail has an impact on the number of seats offered, there is mixed evidence for how this affects the
number of flights, which is most relevant from an environmental point of view.

+ Evidence shows that 4 years after the introduction of high-speed rail 10-20 % of demand is new, induced, demand, with
variations across routes. The other high-speed rail travellers switch from a different mode. The main modal shift is from
conventional rail, but for particular routes the shift from air travel is considerable.

2.1 Introduction

In 2018, a total of 569 billion passenger-km were
travelled by air in the EU-27 (the 27 EU Member
States as of 1 February 2020), compared with a total
of 407 billion passenger-km by rail, which includes
126 billion passenger-km by high-speed rail (HSR)
(EC, 2020b). This chapter describes how the two
sectors have evolved over time (Sections 2.2 and 2.3).
It also explores the choices between rail and air travel
options, focusing on the impact of HSR on air travel
supply and demand (Section 2.4).

Both rail and air transport have undergone significant
changes in the past few decades. Figure 2.1 presents
the evolution of rail and air transport in the EU-27
between 1995 and 2018. For rail transport a distinction
is made between HSR and 'conventional rail transport'.
When considering this figure, it should be noted that
the market segments covered are not completely
comparable between rail and air: the data for rail
transport also cover shorter distance daily travel, for
which air travel is not an alternative, and the data for
air transport cover also long-haul flights, for which rail
travel is not an alternative.

Transport and environment report 2020 — Train or plane?
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Figure 2.1

Passenger-km travelled by rail and air, EU-27, 1995-2018
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Source: EEA elaboration based on EC (2020b).

2.2 Passenger rail transport in Europe

Passenger-km by HSR (the total of domestic and
international travel) in the EU-27 has grown by
283 % since 1995 and by 114 % since 2000, with
the highest growth rates in the period up to 2001.
Rail passenger-km travelled via HSR rose from
about 33 billion passenger-km in 1995 to 126 billion
passenger-km in 2018 (Figure 2.1). Rail travel in
total grew at a slower pace (by 30 % between 1995
and 2018). This entails an increasing share of HSR
in rail travel: from 17.3 % in 2000 to 31 % in 2018
(EC, 2020b). Currently, the demand for rail travel

is strongly reduced as a result of the COVID-19
pandemic. The longer term effects are still unclear.

In 2018, international rail passengers represented

less than 8 % of the total rail passengers for all
EU-27 countries except Luxembourg, where they

Transport and environment report 2020 — Train or plane?

2010 2015 2020

Conventional rail

represented 26 % (Eurostat, 2019). According to a
Eurobarometer survey (EC, 2018) about 78 % of the
respondents in the EU (excluding Cyprus and Malta)
never take the train for international trips (ranging
between 47 % for Austria and 92 % for Lithuania)
(Figure 2.2). About 17 % of respondents take a train for
international trips once a year or less (ranging between
7 % for Lithuania and 35 % for Austria). To put this in
perspective, for national and regional trains the shares
are 32 % (never) and 30 % (once a year or less).

Despite the rapid growth of HSR in the last few
decades, passenger rail transport is currently mainly
seen as a viable choice for domestic travel.
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Figure 2.2

Eurobarometer 463 — how often do you use rail for ...?

International trips 1 4

National or regional trips

(excluding suburban trains) 26

78

32

Daily/Almost daily

Several times per year

Notes:

Source: EC (2018).

The growth in travel by HSR is linked to the expansion
of the network. The length of the HSR lines in the
EU-27 increased from 1 001 km in 1990 to 9 169 km

in 2019. An additional 2 059 km is under construction
(EC, 2020b). Map 2.1 presents an overview of the
existing and planned HSR lines in Europe. Although the
network has already expanded and further expansion
is planned, a recent audit report by the European Court
of Auditors (ECA) points out that there is not yet a real
European HSR network. The report describes it as 'an
ineffective patchwork of poorly connected national
lines' and points to a lack of a realistic long-term plan
to connect the different parts of the existing network
(ECA, 2018).

Since 2010, the supply of night train services has
been reduced significantly. Still, a 2017 study for the
European Parliament indicates that there is a potential

M Several times per week

40 50 60 70 80 90 100

Percentage

B Once a week Several times per month

B Once ayear or less Never

Geographical coverage: EU-28, excluding Cyprus and Malta. Base: all respondents (n = 25 537).

demand for night train services (Steer Davies Gleave
and Politecnico di Milano, 2017). Recently, some
services have been (re)introduced or existing services
have been expanded (e.g. by OBB, Regiojet, Leo Express
and Snélltaget). Sweden and the Netherlands have also
been considering the case for night trains (Savelberg,
2019; Trafikverket, 2020) and will reintroduce night
trains in the near future (Ministerie van Infrastructuur
en Waterstaat, 2019; Morgan, 2020b).

A recent development in the European rail market is
low-cost services such as those offered by Ouigo, iZY,
Flixtrain or EVA (EC, 2019e) for the long-distance rail
market, following the example of low-cost air carriers.

Transport and environment report 2020 — Train or plane?
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Map 2.1 Trans-European Transport Network — railways and airports
Trans-European Transport Network
Comprehensive network: railways
L ——— Conventional rail / Completed

= /A/\I

— — = Conventional rail / To be
upgraded

= = = Conventional rail / Planned

——— High speed rail / Completed

— = = To be upgraded to high
speed rail

High speed rail / Planned

Map adapted from TENtec, 2019

Source:  EC(2019f) (February 2019).

2.3 Passenger air transport in Europe

In 2018, air passenger-km in the EU-27 were 140 %
higher than in 1995 and 82 % higher compared with
2000 (see Figure 2.1). Over time there has been an
expansion in the aviation network, and a liberalisation
of the aviation sector, which has brought about a
rapid expansion in low-cost carriers, lower prices and
increased offers of connections and destinations to
travellers. According to the European Commission
(EC, 2019¢), the number of flights operated by low-cost
carriers within the European Economic Area increased
by 88 % between 2006 and 2017. At the time of
writing, the COVID-19 pandemic is heavily impacting
the aviation industry. Before the outbreak the

Transport and environment report 2020 — Train or plane?

number of flights using EU-28 + European Free Trade
Association (EFTA) airports had been projected to grow
at an average annual rate of 1.5 % between 2017 and
2040, or 42 % in total (EASA et al., 2019). The duration
and total impact of COVID-19 on aviation is still very
uncertain. Eurocontrol, under its 'current status
scenario', published in September 2020, anticipates
that the total number of flights expected in Europe
will be 55 % lower than in 2019 (Eurocontrol, 2020).
InJuly 2020, at a global level, the International Air
Transport Association (IATA) expected that passenger
travel (measured in revenue passenger-km — RPK)
would not return to the pre-COVID-19 level until 2024,
with a faster recovery for short-haul markets than for
long-haul ones (IATA, 2020).
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Figure 2.3 Number of air passengers carried by type of transport, EU-27, 2019
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To identify the air travel market segment that is transport (in terms of flights and passengers carried)
relevant for a shift to rail, a first approximation can be concerned intra-EU transport, while national transport
derived from the share of domestic and intra-EU travel accounted for 15.5 % (passengers carried) and 21 %
in total air travel in the EU. Figure 2.3 and Figure 2.4 (flights). The countries with the largest number of
give the number of passengers carried and flights flights for national transport were Spain, France, Italy
by type of transport (national, intra-EU or extra-EU) and Germany.

for the EU-27. 1n 2019, about 35 % of air passenger
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Figure 2.4 Number of flights by type of transport, EU-27, 2019
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Among the 50 busiest connections in 2018 within
the EU-27, somewhat more than half were domestic
connections (including some overseas connections,
which are outside the scope of this report). All top
10 connections in 2018, listed in Table 2.1, were
domestic connections. Considering all air passenger
travel in the EU-27, about 16 % of passengers carried
were domestic travellers (EC, 2020b).

Table 2.1 Top 10 airport pairs for intra-EU

air transport, EU-27, 2018

Passengers carried

(x 1000)
Madrid/Barajas-Barcelona 2467.8
Frankfurt (Main)-Berlin/Tegel 2292.6
Toulouse/Blagnac-Paris/Orly 22824
Paris/Orly-Nice/Cote d'Azur 2144.6
Palma-Barcelona 2035.7
Berlin/Tegel-Munich 1985.3
Catania/Fontanarossa-Rome/Fiumicino 1980.6
Palma-Madrid/Barajas 1967.3
Munich-Hamburg 1745.7
Palermo/Punta Raisi-Rome/Fiumicino 1666.9

Note: Passengers arriving and departing from first named airport.

Source: EC(2020b).
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H International transport extra-EU-27

2.4 Choices between rail and air
travel options

2.4.1 Rail and air as substitutes and complements

People who want to make medium to longer distance
trips in mainland Europe usually have many options:
rail (including HSR), air, car and coach. To varying
degrees these modes of transport can replace, or
substitute for, each other in this market segment.

In general, people's choice will depend on many
factors, which also apply when one considers the
choice between rail and air travel, on which this
report focuses. The main factors determining the
choice are price, travel time, travel time reliability,
frequency of the connections and other factors such
as convenience, comfort and safety (Givoni and
Dobruszkes, 2013; Clewlow et al., 2014; Savelberg
and de Lange, 2018). For example, HSR is found to
be a good substitute for air transport for trips up

to 2.5 or 3 hours, but less so for longer travel times
(Jiang and Li, 2016). The extent to which each of the
factors plays a role depends, however, on the travel
purpose (business, leisure) and on the preferences
of the person who travels. For example, Behrens and
Pels (2012) find for the London-Paris market, business
passengers are more sensitive to total travel time
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and weekly frequency than leisure travellers and are
less sensitive to fares. People in both the business and
leisure market segments make a trade-off between
various trip attributes. In both segments, for example,
longer average travel time by rail may be offset by
higher frequency and/or lower fares. The substitution
between rail and aviation is explored further in
Section 2.4.2, for the specific case of HSR.

In addition to being substitutes, rail and air also offer
the potential for multimodal trips. In that case a trip
combines air transport on one leg and a railway trip
on another leg, rather than travelling the whole way
by air. In this respect the 2011 Transport White Paper
states that all major airports should be linked to the
railway network. Furthermore, the Trans-European
Transport Network (TEN-T) Regulation — Regulation
(EU) No 1315/2013 — stipulates that until 2030 the
most important core network components, including
urban nodes and airports, are expected to have
multimodal links, as long as they are economically
viable, environmentally sustainable and feasible.

2.4.2 The impact of high-speed rail on air travel
supply and demand

A number of studies have tried to identify the impact
of HSR on air travel supply and demand in Europe.
Dobruszkes et al. (2014) analysed the impact of HSR on
the air services supplied (in terms of number of seats
and number of flights). They looked at a wide range of
161 city pairs in Europe where HSR competes with air.
Most of these are domestic routes (in France, Germany,
Italy and Spain) and 36 are international routes. They
found that shorter HSR travel times mean fewer air
services and that the number of flights and seats
offered are affected similarly. This impact diminishes
quickly between 2 and 2.5 hours of HSR travel time.
Albalate et al. (2015) also found an impact of HSR on
air services in Europe, but they concluded that flight
frequencies are not reduced significantly, while the
number of seats provided by airlines are, which is
different from the finding of the previous study. Hub
airports have seen a larger reduction in air services
than non-hub airports, with a larger reduction in hub
airports that have no on-site HSR station. Dobruszkes
et al. (2014) found that HSR frequency has only a small
impact on air services. Considering airline strategies,
the number of air services increases with the presence
of airline hubs. In this case there may be a role for rail
to replace short-haul flights to feed long-haul flights, for
which Albalate et al. (2015) also offer some evidence.

The impact on emissions will depend on what will
happen with the slots that are freed up as a result of
the initial reduction in air services and to what extent
additional long-haul trips are made. Moreover, the
modes chosen for trips from and to the station may be
different for HSR stations in city centres compared with
those located near airports (Dobruszkes et al. (2014)).

Evidence on the impact of HSR services on travel
demand (rather than supply) for a wide range of routes
is more difficult to collect, as many studies consider
only specific routes. Moreover, econometric analyses
that also try to identify the impacts of changes in socio-
economic factors, prices, etc., are not widely available.
The literature review by Givoni and Dobruszkes (2013),
which also covers regions outside the EU, finds that,
some 4 years after the introduction of HSR, 10-20 % of
demand for HSR travel is new, induced, demand, with
variations across routes. The other HSR travellers are
people who switch from a different mode. The main
mode of origin depends on the routes considered, the
importance of the modes before the introduction of the
HSR and the mode characteristics. The review finds that
the main modal shift is from conventional rail to HSR,
but that for particular routes the shift from air can be
large (e.g. for the London to Paris/Lille/Brussels route
or the Madrid-Seville HSR line). Considering the modal
shares before and after the introduction of HSR (and
taking into account induced demand), air transport loses
most market share. For HSR travel times up to 3.5 hours,
HSR may have a market share of 50 % or more in the
rail-air market. Of course, these impacts on demand
also interact with the supply impacts discussed in the
previous paragraphs.

Clewlow et al. (2014) analysed the determinants of air
passenger traffic between 90 airport pairs in France,
Germany, Italy, Spain and the United Kingdom from
1995 to 2009. Taking into account the influence of other
factors, such as gross domestic product (GDP), fuel
price, hub status of the airport and population density,
they found that air transport between domestic city
pairs is reduced when HSR is present in the market.
The substitution between rail and air is found to also
depend on variations in city and airport characteristics.
For non-domestic intra-EU travel the presence of HSR
also reduces air travel, but not as strongly. The authors
point to the fact that in this case city pairs are less likely
to be within a distance for which HSR may be an option.
The presence of low-cost carriers is found to have a
significant positive effect on intra-EU air travel, leading
to a substantial net increase in passenger-km travelled.
This indicates that a system-wide perspective is required.
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Worldwide HSR activity (measured in passenger-km)

is highest in China, followed by the EU and Japan.
Together they account for 95 % of passenger-km
travelled by HSR. In 2018, China alone accounted for
71 % (UIC, 2020b). In Japan, the country with the longest
tradition in HSR, the market share of HSR has always
been larger than that of air transport for routes of less
than 600 miles (960 km) (Albalate et al., 2015). This

is linked to high frequency, attractive fares, stations
located close to city centres and the attention given

to safety, reliability and punctuality. For example, for
the 550 km long Shinkansen route between Tokyo

and Osaka, ECA (2018) reports an average delay of
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only 24 seconds. Jiang and Li (2016) further explore
the larger market share of low-cost air carriers in
Europe compared with Japan and point to the following
differences: (1) HSR was already well established in
Japan before the arrival of low-cost carriers, whereas
in Europe they emerged in the same period; (2) Europe
spans a larger area and has more polycentric city
development, which creates more opportunities for
low-cost carriers and makes it more difficult to provide
HSR services efficiently; and (3) there is a difference

in regulatory environment and market conditions,

with a relatively more open market attitude in Europe,
according to the authors.
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3 The environmental impacts of rail

and air transport

Key messages

+ Environmental pressures arise from activities related to passenger rail and air transport. These include the operation
of trains and aircraft, the supply of energy, the transport of travellers to and from the railway station or airport, the
auxiliary operations, the up-and-down stream process and maintenance for the trains and aircraft and the construction

and maintenance of the infrastructure.

+ In addition to negative impacts from air pollution, greenhouse gas emissions and noise, both modes of transport also
cause soil and water pollution and habitat damage and produce waste.

+ The total environmental costs in the EU-28 of air pollution, climate change, well-to-tank emissions and noise caused
by flying are substantially higher (EUR 32.7 billion for a selection of 33 airports) than those caused by rail passenger
transport (EUR 7.8 billion). For rail transport, the noise costs and costs related to well-to-tank emissions are the most
important. For air transport, the climate change costs (including non-CO, impacts) are the largest category.

+ For new investment in rail to be environmentally beneficial, the environmental impacts from the construction of
infrastructure must be compensated for by the reduced environmental impacts made possible by the opening of the

new rail link.

3.1 Introduction

Both rail and air travel lead to an increase in several
environmental pressures, but their contribution
differs. This chapter gives a general overview of

the environmental impacts of the two modes.

The environmental pressures (indicated in light grey
in Table 3.1) arise from various activities related

to rail and air transport. Although the categories

of impacts and activities are largely similar for rail
and air, in general the magnitude of the impacts is
different. For some of these impacts and activities
rail has a better environmental performance than
aviation, while for others the opposite is the case or
the comparison depends on the specific case that
is considered, as will be discussed further in this
chapter for the categories indicated in dark grey

in Table 3.1.
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Table 3.1

Overview of activities related to rail and air transport and their environmental impacts

Rail

Air

Climate change

Air pollution

Noise

Soil and water pollution

Habitat damage

Visual intrusion

Waste

Environmental impacts of train rides and flights (Section 3.2)

Train/air travel

Train operations

Take-off and landing
Climbing out
Cruising

Approach

Energy production,
transmission, distribution

Electricity generation,
transmission and distribution
Diesel refining and
distribution

Jet fuel refining and
distribution

Environmental impacts of related activities (Section 3.3)

Travel to/from stations and airports and system operation

Transport to/from station/
airport (Section 3.3.1)

Transport to/from railway
stations

Transport to/from airports

Idling Auxiliary power unit
Rail/airport operations Auxiliaries Start-up
Shunting Taxiing
Vehicles

Up-and-down stream process
(Section 3.3.2)

Manufacturing of trains and
propulsion system and end
of life

Aircraft and engine
manufacturing and end of life

Maintenance

Train maintenance

Aircraft and engine
maintenance

Infrastructure

Construction (Section 3.3.2)

Construction of stations and
tracks

Construction of airport and
runway, taxiway, tarmac and
parking

Operation and maintenance
(Section 3.3.3)

Operation and maintenance
of stations and tracks

Operation and maintenance
of airport

De-icing of aircraft and
runways

Operation and maintenance
of ground support equipment

Note:
Source: EEA.
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Light grey, environmental impacts; dark grey, main impacts discussed in detail.
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Figure 3.1

Conceptual illustration of the scope of environmental cost calculations
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For the emissions of greenhouse gases (GHGs) and
air pollutants, where possible, both well-to-tank (WTT)
and tank-to-wheel emissions (TTW) emissions are
considered. The latter are also called tank-to-wake
emissions in the case of aircraft. The TTW emissions
refer to the exhaust emissions that take place during
the operation of the train or aircraft, while the

WTT emissions take place during the production,
transmission and distribution of the energy used by
trains and aircraft. A well-to-wheel/well-to-wake (WTW)
approach considers both type of emissions. Transport
operations also cause non-exhaust emissions of air
pollutants, for example from the abrasion of railway
lines or wheels and tyres. The life cycle analysis (LCA)
perspective also considers energy and emissions
involved in the construction and maintenance of the
infrastructure, the manufacturing of the vehicles and
end-of-life aspects (Figure 3.1).

The next paragraphs first give an overview of the
environmental impacts of train rides and flights. Next,
a number of other impacts are discussed, including

(aDDD"DDDD"DDD m
[*]

"0

the impacts of travel to and from airports and stations,
the impacts of the construction and operation of rail
and aviation infrastructure, and the impacts of the
up-and-down stream processes of vehicles. Although
the chapter presents information on the evolution of
the total environmental impacts, the main aim is to
provide insights into how these two modes compare
with each other.

3.2 Environmental impacts of train
rides and flights

3.2.1 Climate change

In 2018, transport accounted for 24.6 % of GHG
emissions (?) in the EU-27. Within the transport sector,
aviation was responsible for 13.2 % of GHG emissions
(144.3 megatonnes CO, equivalent (Mt CO,e) and rail for
0.4 % (4.3 Mt CO,e). The latter refers to the emissions by
diesel trains only. This compares with a share of 71.8 %

(3 Excluding LULUCF (land use, land use change and forestry) and international maritime emissions and including international aviation and

indirect CO, emissions.
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for road transport and a share of 14.1 % for navigation
(EC, 2020b). Apart from these, TTW emissions from rail
and air transport also lead to indirect GHG emissions as
a result of the production, transport and transmission
of the fuels and electricity that they consume. These
emissions are called WTT emissions.

Rail transport
For rail transport the TTW GHG emissions are
determined by rail travel demand in combination with

other factors, including the following:

+ the specific energy consumption of the passenger
trains (energy per vehicle-km);

+ the number of passengers on the trains;
+ rail traffic management procedures;

+ the GHG emission intensity of energy consumed
by rail.

The specific energy consumption of the passenger trains

increases with the train size and weight and depends
on the speed and powertrain type. Other things being

equal, electric trains are more energy efficient than
diesel trains. For the market segments considered in
this report, electric trains are the most relevant.

The energy statistics do not allow distinctions to

be made between passenger and freight transport

or between different distance bands. According to
Eurostat, between 2000 and 2018 the consumption
of oil and petroleum products by rail in the EU-27

(for the total of passenger and freight rail) more than
halved. In 2018 the associated GHG emissions equalled
approximately 4.3 million tonnes (Mt). The electricity
consumption decreased between 2000 and 2009 and
fluctuated thereafter. In 2018 it was 4.7 % higher than
in 2009 but 6 % lower than in 2000 (Figure 3.2).

In the same period, electricity production became
less CO, intensive on average in the EU. Between
2000 and 2017 the average CO, intensity of electricity
production in the EU-27 evolved from 393.3 to

295.7 g/CO, per kWh (EEA, 2020c), which corresponds
to a decrease of almost 25 %. Applying this average
emission intensity to the electricity consumption by
rail transport, the GHG emissions related to electric
rail transport can be approximated to have been
14.4 Mtin 2018.

Figure 3.2

Final energy consumption by rail transport, EU-27

Mtoe
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Note: Mtoe, million tonnes of oil equivalent.

Source:  EEA compilation, based on Eurostat (nrg_bal_s).
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Figure 3.3 CO,e emissions from aviation, EU-27
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Source: EEA (2020a).

Air transport Further detail on the GHG emissions from aviation
connected to flights within Europe can be drawn from
Between 1990 and 2018, the TTW EU GHG emissions the EU Emissions Trading System (EU ETS), which

from domestic aviation (i.e. flights with departure covers flights within the European Economic Area (see
from and arrival in the same country) in the EU-27 also Section 5.3.2). Since 2013, the total emissions of
increased by 22 % and those of international civil airline operators under the EU ETS have increased
aviation more than doubled (increase of 141 %) from 53.5 MtCO,e to 68.2 MtCO,e in 2019 (an increase
(EEA, 2020a) (Figure 3.3). The figures do not allow of more than 27 %) (Figure 3.4). In 2019, the top 10

a distinction to be made between passenger and airline operators were responsible for 55 % of aviation
cargo transport. In 2018, the TTW GHG emissions emissions. In the period 2013-2019, Ryanair was the
from domestic civil aviation in the EU-27 were largest airline emitter and in 2018 it also entered the
15 MtCO,e and those for international aviation ranks of the top 10 emitters in the overall EU ETS
totalled 129.2 MtCO.,e. system (EEA, 2019b, 2020a).
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Figure 3.4 Aviation GHG emissions in the EU ETS and the top 10 emitters in aviation (2013-2019)
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Notes: For the period 2013-2019, only flights within the European Economic Area were under the EU ETS. Flights between the continental
European Economic Area and its outermost regions were also exempt.
Source:  EEA.

The GHG emissions of aviation are determined by the
evolution of air transport demand in combination with
additional factors, including:

+ the energy efficiency of the aircraft;

+ the occupancy rate of the aircraft;

+ air traffic management and operations;
+ the share of sustainable aviation fuels.

The central outlook for 2040 presented by EASA et al.
(2019) for flights departing from the EU-27 and the United
Kingdom (UK) and the European Free Trade Association
(EFTA) countries projects a growth in CO, emissions from
21 % to 37 %, compared with 2017, depending on the
technological developments. Although the outlook was
produced before the COVID-19 outbreak, it still gives an
indication of the potential GHG reduction challenges ahead
under various scenarios. Even in the low-traffic case, where
the number of flights in 2040 is assumed to be only 6 %
higher than in 2017, there is still a need for further GHG
abatement, although emissions are then projected to be
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8-18 % lower than in 2017 (depending on the technological
developments). In the high-demand forecast, the emissions
are 61-85 % higher in 2040 than they were in 2017.

In addition to CO,, aviation also emits short-lived
climate forcers, including sulphur dioxide (SO,),
nitrogen oxides (NO,) and black carbon, leading to
changes in the radiative forcing in the atmosphere.
Such pollutants can have both global warming and
cooling effects, with the net effect being warming.

In addition, sulphate aerosols and water vapour can
lead to contrails and cirrus cloud formation, and
thereby contribute to net climate warming. Unlike CO,
emissions, the non-CO, effects differ as a function

of the flight altitude, time of day, weather, location,
etc. (Scheelhaase et al., 2016). In the recent update of
the handbook on the external costs of transport, the
European Commission (EC, 2019d) estimated that the
non-CO, effects of aviation contribute about half of the
climate warming impact of aviation. The uncertainty
about the non-CO, impacts is larger than for CO,,
especially for cloud-induced impacts (Lee, 2018). A
recent report by EASA (2020c¢) fully confirmed the
importance of non-CO, climate impacts from aviation.
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Figure 3.5

Share of air pollutant emissions by rail (diesel) and civil aviation in total emissions, EEA-32, 2018
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Source: EEA (LRTAP).

3.2.2 Air pollution

Figure 3.5 presents the contribution in 2018 of rail
(diesel trains) and air transport to the emissions of air
pollutants for all of the 32 member countries of the EEA
as of 1 February 2020 (EEA-32).

Rail transport

Rail transport generates TTW emissions of air
pollutants via the operation of diesel trains. Both diesel
and electric trains also cause non-exhaust particulate
matter (PM) emissions via the abrasion of powerlines,
wheels on tracks and brakes. The share of diesel trains
in total emissions in the EEA-32 is limited. The WTT
emissions caused by the production and transmission
of electricity for electric trains, which are more relevant
for the market segments considered in this report, are
not included in Figure 3.5, as they are not reported
separately in the emission inventories.

Air transport

Air transport emits several air pollutants during
taxiing, take-off and landing, and cruising at altitude.

The TTW emissions of air pollutants by aviation are
determined by the evolution of air transport demand in
combination with additional factors, including:

+ the energy efficiency and the abatement
technologies of the aircraft;

+ the occupancy rate of the aircraft;
+ air traffic management and operational measures.

The share of aviation in the total emissions of air
pollutants in the EEA-32 is relatively small. For 2018,
the largest share was found for NO, emissions, to
which air transport contributes 5.5 % (Figure 3.5). The
share of domestic aviation in the emissions from air
transport ranges between 12 % and 30 % depending on
the pollutant that is considered (Table 3.2). The share
of landing and take-off (LTO) in the aviation emissions
is the largest for non-methane volatile organic
compounds (NMVOC) (39 %), followed by PM (26 %) and
NO, and SO, (15 %).
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Table 3.2
aviation, EEA-32, 2018

Share of domestic aviation and landing and take-off in emissions of air pollutants by

Share of domestic aviation in

Share of landing and take-off emissions in

Pollutant aviation emissions (%) total aviation emissions (%)
co 16 24
NMVOC 30 39
NO, 12 15
PM,s 14 26
PM;, 14 26
SO 13 15
Note: PM,;, particulate matter with a diameter of 2.5 um or less; PM,,, particulate matter with a diameter of 10 ym or less.

Source: EEA (LRTAP).

The WTT emissions from air transport also contribute
to air pollution. These are the emissions related to the
production and transport of jet fuel. These emissions
occur at locations other than where the transport
activities take place and hence have a different impact
on health and the environment.

Impacts of air pollution

The health impacts of air pollutants depend on several
factors, including the altitude at which pollutants are
emitted. The largest health effects are related to air
pollution concentrations at ground level in areas with

a high population density. The concentration levels
depend on the emissions of air pollutants by the different
sectors, atmospheric transformations and meteorological
conditions. Emissions at higher altitudes of SO,, NO,

and black carbon also lead to climate change impacts
(see Section 3.2.1). Air pollution also leads to damage to
materials and buildings, crop losses in the agricultural
sector and adverse impacts on nature and biodiversity.

3.2.3 Noise impacts

Rail transport and aviation are the second and third
sources of environmental noise in Europe. Rail has an
impact during the entire trajectory, while the impacts of
air traffic mostly occur during LTO. Data submitted by
countries under the Environmental Noise Directive (END)
(EU, 2002) give an insight into noise exposure for roads,
railways, airports and industry within agglomerations,

as well as for major roads, major railways and major
airports outside agglomerations.

Rail transport
About 20 million people in the EEA-32 (excluding

Turkey) are estimated to be exposed to rail traffic
noise of at least 55 decibels (dB) during the
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day-evening-night period (day-evening-night-level
indicator of noise — Lg.,) (Figure 3.6). Half of these
people are exposed within urban areas and the other
half outside urban areas. Nearly 16 million people
are affected by night-time rail noise of 50 dB L,
(night-level indicator of noise) and higher, of which
8.6 million people outside urban areas. This means
that about 4.3 % of the population is affected by

rail traffic noise levels that exceed the thresholds of
the END during the day-evening-night period and
3.4 % during the night-time period (2020b). These
figures cover both passenger and freight rail; for rail
passenger transport they do not make a distinction
between short- and long-distance transport.

Air transport

The END defines air traffic noise as noise caused

by aircraft LTOs in the areas surrounding airports.
Population exposure to aircraft noise is estimated
through the calculation of noise contours around
airports, which correspond with areas in which the
noise exceeds a given level, and by determining the size
of the population within these areas. According to the
data collected for major airports under the END, it is
estimated for the EEA-32 that approximately 2 million
people in urban areas are exposed to air traffic noise
levels of at least 55 dB during the day-evening-night
period and 0.8 million people during the night period.
Outside urban areas, the figures are 0.9 and 0.3 million,
respectively (EEA (2020b), excluding UK data). The
number of people exposed to air traffic noise is smaller
than for rail, but the annoyance response to air traffic
noise is larger than for rail noise at the same noise
levels (WHO Europe, 2018). Moreover, new evidence
from the World Health Organization (WHO) shows

that the annoyance response to air traffic noise has
increased over time and is higher than indicated by
exposure-response functions based on older data

(EEA, 2020b).
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Health impacts of exposure to noise

WHO (2018) indicates that long-term exposure to noise
above certain levels can lead to non-auditory health
effects, such as annoyance, sleep disturbance, negative
effects on the cardiovascular and metabolic systems
and cognitive impairment in children. Moreover, noise
affects not only humans but also wildlife, leading to a
range of physiological and behavioural responses in
animals, which can affect their reproductive success,
mortality risk and migration patterns (EEA, 2020b).

Figure 3.6 and Figure 3.7 present an estimate of the
number of people in the EEA-32 (excluding Turkey) that
experience health problems because of exposure to

rail and aviation traffic noise (based on EEA (2020b),
excluding UK data). Most people are affected by

'high annoyance' and 'sleep disturbance’, for which
proportionally more people are affected by aviation
than rail noise, considering the population exposed to
these two noise sources. Rail and aviation traffic noise
also lead to cases of heart disease and premature
mortality. For these impact categories, rail affects a
greater number of people than air transport. In the case
of cognitive impairment in children, evidence is available
only to show links with aviation noise (see EEA (2020b)).

Figure 3.6

People exposed to rail and air noise and associated high annoyance and sleep disturbance
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Note: Data for EEA-32 excluding Turkey, 2017.

Source:  EEA (2020b) excluding UK data.
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Figure 3.7

Premature mortality, ischaemic heart disease and cognitive impairment in children due to
exposure to rail and air transport noise

Number of cases
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Source:  EEA (2020b), excluding UK data.

The estimate of the health impacts made by the EEA
(2020b) is likely to be an underestimate, as the data
collected under the END cover neither all areas in
Europe nor levels of noise below 55 dB Ly,.evening-night
and 50 dB L.

3.2.4 Water and soil pollution
Rail transport

Trains have an impact on water and soil pollution from
the abrasion of brakes, wheels, rail track and overhead
lines as well as fuel combustion and other sources. In
an analysis of the operation of the 7 200 km of tracks
in the Swiss Federal Railways Network, Burkhardt et

al. (2008) found an annual release of approximately

2 270 tonnes of metals and 1 357 tonnes of
hydrocarbons. Friction processes were the main source
of the release of metals. The most important sources of
hydrocarbons were wooden sleepers treated with oil.
Lubricants from track switches and wheel flanges were
the next biggest sources.
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B Premature mortality (**)

Rail Air

Ischaemic heart disease

Data for EEA-32 excluding Turkey, 2017. (*) Evidence available only for aviation noise; (**) mortality due to ischaemic heart disease.

Air transport

Jet fuel burning is one of the sources of atmospheric
polycyclic aromatic hydrocarbons (PAHSs), which are
deposited on the soil. Soil and water pollution is also
caused by the spreading of aircraft de-icing and/or
anti-icing fluids during take-offs in winter time. The
pollution may extend for several hundred metres away
from the runways (Nunes et al., 2011).

3.2.5 Sensitive areas

Finally, GRACE (2006) and Sutter et al. (2017) point out
that some of the impacts that have been described
previously may be larger in sensitive areas, such as
mountainous regions. For noise and air pollution,

both emissions and the resulting noise

levels/pollutant concentrations may be different because
of topographical and meteorological conditions. The
impacts of pollution may also be different in such

areas, on account of differences in population density

or the presence of more diverse and more valuable
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ecosystems. Finally, the monetary value of the impacts
may also differ from the EU average, depending on the
country where these sensitive areas are located.

3.2.6 Environmental costs of train rides and flights

The previous sections have given an overview of the
main environmental impacts of train rides and flights.
This section evaluates the overall impacts of the WTT
and TTW emissions of air pollutants and GHG, and the
noise costs, by expressing them in monetary terms.
This sheds light on the relative importance of the
various impact categories as well as that of the costs of
rail versus air travel.

It draws upon a recent study for the European
Commission (EC, 2019d) that aims to provide
information on how to generate state-of-the-art
estimates for all main external costs of transport,
including the environmental costs. The costs presented
below are expressed in euros at average EU-28 prices
in 2016. For the monetary evaluation of the GHG
emissions the results reported here are based on a
value of EUR 100 per tonne of CO,e. For aviation the
costs relate to a selection of 33 airports in the EU, which
account for slightly more than 50 % of total passengers
carried by the main airports in the EU.

Total costs of air pollution, climate change, noise and
well-to-tank emissions

The total costs of air pollution, climate change, noise
and WTT emissions are higher for the selection of
airports (EUR 32.7 billion euro) than for total passenger
rail in the EU-28 (EUR 7.8 billion) (Figure 3.8). These
figures for air and rail transport compare with a cost of
EUR 161.2 billion for road passenger transport.

Including the other environmental impacts, and
extrapolating to all air transport in the EU, results

in a total environmental cost of EUR 48 billion for
aviation (for both passenger and freight transport) and
EUR 10.4 billion for rail passenger transport.

For rail transport, the noise costs and costs related

to WTT emissions are the most important. The WTT
category that is reported includes the costs from the
WTT emissions of both GHG and air pollutants. Although
high-speed rail (HSR) accounts for about 27 % of EU-28
rail travel (see Section 2.2), its environmental costs are
about 9.4 % of the costs for passenger rail in total. This
is because electric trains are more energy efficient than
diesel trains. Although high-speed trains have a higher
electricity consumption per train-km than conventional
electric trains they have a larger capacity and they can
transport more passengers per train.

For air transport, the main costs are related to the
TTW GHG emissions, followed by the WTT emissions
(in this case of both GHG and air pollutants). For air
pollution and climate change, the costs of air transport
(Figure 3.8) makes a distinction between short-,
medium- and long-haul flights. For the noise costs of
air transport, this distinction cannot be made and the
costs are reported for all flights. The direct air pollution
costs of aviation are relatively small compared with the
other cost categories. According to the Commission
(EC, 2019d), they consist mainly of costs related to the
LTO of aircraft, as the cruising emissions lead to almost
no air pollution damage.

The study also considers the climate effects of non-CO,
emissions by aviation. More specifically, the total
climate change costs of aviation are calculated by
multiplying the total CO,e emissions from an aircraft
by a factor of 2.
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Figure 3.8 Total costs of noise pollution, air pollution, climate change and well-to-tank emissions of rail
(EU-28) and aviation (selection of airports), 2016
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Notes: Short haul < 1 500 km; medium haul: 1 500-5 000 km; long haul > 5 000 km. Direct = tank-to-wheel and non-exhaust; for aviation
including the non-CO, climate effects.
Source: EEA, based on EC (2019d).

Average environmental costs of air pollution, climate
change, noise and well-to-tank emissions

Figure 3.9 presents the average costs per passenger-km
associated with the direct (TTW and non-exhaust) and
WTT emissions of air pollutants, GHG and noise. These
are calculated by dividing the total costs by the total
number of passenger-km.

The average costs per passenger-km are substantially

lower for electric trains than for air transport. For
electric trains they are mainly related to noise and
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WTT emissions. For air transport the average costs
per passenger-km are the highest for short-haul
flights. The main cost drivers of the environmental
costs of aviation are the share of the LTO cycle

of the total flight (which is higher for short-haul
flights), the size and fuel use of the aircraft and the
load factor.

To compare, the figure also gives the average
environmental costs for an average car, as calculated
in the same study. The value is estimated to be

EUR 0.029 per passenger-km.
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Figure 3.9

Average costs of noise pollution, air pollution, climate change and well-to-tank emissions of

rail (EU-28) and aviation (selection of airports) and passenger cars, 2016
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Notes: The average costs for electric passenger trains also include those of high-speed trains. Direct = tank-to-wheel and non-exhaust; for
aviation including the non-CO, climate effects.

Source: EEA, based on EC (2019d).

Marginal external costs of air pollution,
climate change and noise

This section explores the marginal costs of noise, and
direct and indirect emissions of air pollutants and GHG
emissions for a selection of cases. The term 'marginal’
means that these are the additional environmental
costs that occur as a result of an additional unit of
transport activity. The marginal costs are presented for
specific trains and aircraft, specific distances and load
factors, while the average costs that were presented
previously refer to average vehicles, distances and load
factors. Looking at the marginal costs sheds more light
on the variability of the environmental costs.

Figure 3.10 — on rail transport — shows that the
marginal environmental costs related to air pollution,
climate change, WTT emissions and noise vary by

types of train and area, traffic conditions and time of
day. Related to differences in the noise impacts, the
costs are highest in metropolitan and urban areas,

as more people are exposed to noise. They are also
higher with sparse ('thin' in Figure 3.10) rather than
dense traffic, as, the higher the existing background
noise level, the lower the noise impact of an additional
train. They are higher during the night than during

the day for the same reason and because the health
impacts are higher during the night because of sleep
disturbance. They are also higher for intercity trains
than for high-speed trains on account of a difference in
electricity consumption and associated WTT emissions
per passenger-km.
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Figure3.10  Marginal environmental costs of passenger rail transport for selected cases
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Notes: The study assumes the following numbers of passengers per train: HSR — 330; intercity — 180; regional — 105. Direct = tank-to-wheel
and non-exhaust.

Source: EEA, based on EC (2019d).

In the case of air transport, the marginal external the distance class of 500 km, the costs are substantially
costs also vary across the cases that are considered. higher than for rail, even when not considering the
Figure 3.11 gives the marginal costs of direct and WTT noise costs for aviation. For the distance class 1 500 km,
emissions of air pollutants and GHG emissions for they are also higher but less so.

different aircraft and distance classes. The noise costs

would add roughly EUR 0.0005/passenger-km. The EC (2019d) also provides a range for the marginal noise
costs per passenger-km are influenced by the number costs per LTO, with values of between EUR 77,4, and

of passengers that are assumed to be transported. For EUR 154, per LTO.
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Figure 3.11
transport for selected cases

Marginal costs of air pollution, climate change and well-to-tank emissions of passenger air
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aviation including the non-CO, climate effects.
Source: EEA, based on EC (2019d).

3.3 Environmental impacts of
related activities

For a complete comparison of the environmental
impacts of rail and aviation it is important to consider
the impacts not only of rail and air travel itself but also
of the related activities, of which an overview was given
in Table 3.1. Some elements are highlighted below.

3.3.1 Environmental impacts of travel to and from
railway stations and airports

Taking a door-to-door perspective, the environmental
costs of rail and air travel should also consider

the environmental costs of travelling to and from

the railway station and airport. Depending on the
location of the railway stations and airports and their
accessibility via public transport, the environmental
costs of these trips may differ. The environmental
impacts of different modes for first and last mile
transport were discussed in last year's transport and
environment report (EEA, 2019¢).

3.3.2 Up- and downstream impacts of vehicles
and infrastructure

Trains, aircraft and auxiliary vehicles

The life cycle of vehicles consists of production,
maintenance, repair and disposal. Throughout this
life cycle, negative environmental impacts arise,
related to the emissions of air pollutants, GHGs and
other pollutants. These impacts are related mainly to
aircraft and trains but also to auxiliary equipment. For
example, aviation requires ground support activities,
for which various types of equipment are used, such
as auxiliary power units, fuel trucks, aircraft tugs and
belt loaders. Rail transport requires machines and
vehicles for tasks such as shunting, track treatment and
infrastructure monitoring.

As an example of the life cycle costs of vehicles,

Figure 3.12 presents results from a study by

(Liu et al., 2016), who use an LCA to estimate the
energy and emissions from nearly 430 manufacturing
activities for the production of aircraft. These activities
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include material production and refining, transport
and power generation and supply. Figure 3.12
presents an overview of the results for two aircraft
types: regional jets and single-aisle aircraft. The
authors indicate that, as more composites such as
carbon fibre-reinforced plastic and less metal is used
in the construction of aircraft, these numbers may
change significantly.

For passenger aircraft, the average retirement age is
about 25 years (SGI Aviation, 2018). The same study
estimates that worldwide more than 15 000 aircraft
will be retired in the next 15 years. The reduction in
air travel demand as a result of the COVID-19 crisis
has accelerated some retirements (Pallini, 2020).

According to the European Railway Agency (ERA), the
life expectancy of a railway vehicle is over 30 years

and even up to 50 years for wagons. For rail, detailed
studies on the life cycle costs of train manufacturing
are more difficult to find, and typically more attention is
paid to the environmental impacts of the infrastructure,
which is discussed below.

Disposal and recycling decisions for disused rail
vehicles and aircraft can also have significant
consequences for environmental impacts. Components
and materials can be reused, remanufactured, recycled
or disposed of. Zhao et al. (2020) explore the economic
rationale behind different end-of-life strategies for
aircraft and aircraft engines.

Figure3.12 Energy use and emissions from aircraft manufacturing (per aircraft)
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Notes: RJ: regional jet; SA: single-aisle aircraft.

Source: EEA, based on Liu et al. (2016), Table 8.
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Infrastructure

Similar to vehicles, the life cycle of rail and air
infrastructure (e.g. stations, airports, railway tracks,
rail control centres) consists of the construction,
maintenance and disposal of infrastructures. Each of
these stages has environmental impacts.

For air transport, GHG emissions are embedded in the
construction and expansion of airports. For example,
in the comparison of three schemes for the expansion
of UK airport capacity, the CO,e emissions related to
the construction of airport facilities and surface access
infrastructure were found to range from 3.9 Mt CO,e
(London Gatwick second runway) to 11.3 Mt CO,e
(London Heathrow north-west runway), depending

on the magnitude of the construction programme

(UK Department for Transport, 2018).

For rail, the literature has paid a lot of attention to

the emissions that are embedded in the construction
and maintenance of rail (including HSR) lines and the
extent to which these can be offset by lower emissions
of rail transport compared with the modes it replaces.
A review of four HSR lines for the International Union

of Railways (UIC) by Baron et al. (2011) finds that the
carbon footprint of the construction of HSR lines
ranges from 96 to 270 t CO, per km of track per year.
For the HSR project in the Basque Country in Spain, a
recent study by Bueno et al. (2017) found a footprint
of 251 t CO, per km of track per year, which is at the
high end of this range. This is due to the high number
of tunnels and viaducts that are needed for the line.

In an LCA for the Tours-Bordeaux high-speed line, de
Bortoli et al. (2020) presented various environmental
indicators and the extent to which individual
construction components and activities contribute to
them. Figure 3.13 shows that major contributions to
the GHG emissions for that project come from roadbed
(22 %) and rails (21 %), followed by the impacts related
to viaducts (14 %), ballast (11 %) and sleepers (10 %).
Smaller contributors are construction stage transport,
building machines, the power supply system and
chairs and fasteners. In general these impacts are
very project specific and depend on, for example, the
terrain, which has implications for the civil engineering
structures that are required, the type of tracks (gravel
bed tracks versus ballastless tracks — the latter having
higher embedded emissions in construction but

less maintenance), etc.

Figure3.13  Contribution of infrastructure components to the life cycle GHG emissions of single-track
construction for the Tours-Bordeaux high-speed line

M Roadbed M Machines M Ballast M Sleepers Rails Chairs and fasteners M Energy system M Viaducts M Transport

Source: EEA, based on de Bortoli et al. (2020).
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For new investments in rail to be environmentally
beneficial, the environmental impacts embedded in the
construction and maintenance must be compensated
for by the reduced environmental impacts made
possible by the opening of the new rail link.

Based on Westin and Kageson (2012) and the
International Energy Agency (IEA) (2019), the net impact
on GHG emissions of opening a new HSR line depends
on the following:

+ the GHG intensity of the construction and
maintenance of the infrastructure;

+ the difference in GHG emissions per passenger-km
between rail travel and the modes that it replaces;

« the volume of rail traffic: both new traffic and traffic
diverted from other modes;

+ the extent to which the new line frees capacity on
existing lines.

Regarding this last point, freeing capacity on existing
lines would allow for an even larger modal shift
towards rail transport, for both passenger and freight
transport, with the associated reduction in emissions.

The IEA (2019) identifies cases where a new HSR line

can almost immediately lead to net reductions in GHG
emissions. These are cases with low GHG emission
intensity in the construction of the line, low WTW

GHG emissions of rail, a high diversion of traffic from
GHG-intensive modes and a high occupancy rate for rail.
However, in cases with low potential, where the opposite
of these conditions applies, it can take more than 50 years
before a net reduction in GHG emissions is realised.

The construction and operation of airports, stations and
railway lines also has an impact on land use. Impacts are
both direct, through the uptake of land by the hubs and
infrastructure themselves, and indirect, through the land
development projects that are induced by their presence.
Additional land take causes habitat damage and
fragmentation, leading to adverse effects on ecosystems
and biodiversity. In the case of railway lines, barrier
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effects arise in the form of physical and behavioural
barriers to wildlife movement, as well as disturbance to
populations living close to them, on account of noise,
vibrations, chemical pollution and human presence.
Mortality among animals trying to cross the infrastructure
is another — and most visible — manifestation of the
barrier effect. However, the magnitude of the effects

is still not very well known (Barrientos and Borda de
Agua, 2017). Other impacts of the infrastructures are
visual intrusion, soil sealing and soil and water pollution
from the use of herbicides. The recently published EU
Taxonomy report, in its list of assessment criteria for the
'do no significant harm' assessment of the construction of
land infrastructure (which includes railway infrastructure),
also identified the following other types of potential
environmental harm (EU Technical Expert Group on
Sustainable Finance, 2020):

« contamination of water during construction and
unsustainable use of water during construction
and operations;

« unsustainable use of resources during construction,
e.g. generating large amounts of waste, no
recycling/reuse of construction waste;

+ noise pollution as a result of the poor condition of
rail tracks;

+ change and degradation of hydromorphological
conditions of water bodies as a result of railway
infrastructure (in particular tunnels), affecting
aquatic ecosystems;

+ the spread of invasive plants (such as Japanese
knotweed) along transport infrastructure.

A number of studies have tried to express the costs of
habitat damage and fragmentation in monetary terms.
Table 3.3, adapted from EC (2019d), gives an example
of such estimates at the EU-28 level for rail and aviation
infrastructure, on an annual basis. These are average
figures for the EU-28, and it should be kept in mind that
local conditions are likely to have a large impact on the
costs and that research on this topic as well as on the
monetisation of the effects is still ongoing.
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Table 3.3 Cost contributing to the costs of habitat damage EU-28 (EURy;,)
Rail (EUR per km and year) Aviation
HSR Other railways (EUR per km? and year)
Habitat loss 57 500 8200 437 500
Habitat damage 27 000 5900
Total habitat damage 84 500 14100 437 500

Source: Adapted from EC (2019d).

For rail, the same study calculates a total cost of
habitat damage in the EU-28 of EUR 2.7 billion per
year, or EUR 0.006/passenger-km. For aviation, the
total costs per year for the 33 selected airports are
estimated to be EUR 0.05 billion or EUR 0.00007/
passenger-km and EUR 0.122/passenger.

The costs of habitat fragmentation are related

to not only the presence of the transport
infrastructure but also the use of that
infrastructure. For example, the probability of bird
strikes at airports increases with the number of
aeroplanes landing and taking off.

3.3.3 Environmental damage caused by the operation
of airports and stations

The operation of airports causes various types of
environmental damage, for example through the
operation of ground support equipment, energy
consumption, the generation of waste, the de-icing

of aircraft and runways, aircraft cleaning, retail and
catering, water demand and the generation of waste
water (see also EEA (2017), Nunes et al. (2011) and Gémez
Comendador et al. (2019)). Figure 3.14, taken from Gémez
Comendador et al. (2019), illustrates the various airport
functions that have an impact on the environment.
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Figure3.14  Functional elements of the airport affecting the environment

Functional elements:

1. Airport access: road connections and public transport to the airport 8. Runways and taxiways 15. Tanks for fuel storage

2. Parking 9. De-icing equipment for aircraft 16. Fuel for the maintenance team

3. Passenger terminals 10. Tanks with anti-freeze liquid (glycol) 17. Urban waste

4. Control tower (air navigation) 11. Aircraft parking area with drainage pipes 18. Hazardous waste

5. Aeronautical office buildings 12. De-icing equipment for the tracks 19. Services for buildings (water and heating)
6. Aircraft/airport vehicles maintenance facilities 13. Tanks with antifreeze (acetates and formats) 20. Aircraft maintenance test

7. Hangars 14. Equipment for refuelling aircraft 21. Aircraft take-off, landing and rolling

Source: Based on Gémez Comendador et al. (2019). Reproduced under the terms and conditions of the Creative Commons CC BY 4.0 licence
(https://creativecommons.org/licenses/by/4.0/).

In an analogous way, the operation of the railway concessions: heating, cooling, lighting, ventilation
system also leads to environmental damage. IZT and air-conditioning in stations, platforms and

and Macroplan (2012) identified the following shops/concessions, station elevators and escalators,
main energy consuming activities in stations and maintenance and depots.
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European Union and national policy context and international agreements

European Union and national policy
context and international agreements

Key messages

4.1

At the EU level, the climate change impacts of rail and aviation are tackled, directly or indirectly, by a 'basket of measures'
comprising support for the development of innovative technologies, operational improvements, the promotion of renewable
energy through the Renewable Energy Directive and market-based measures, in particular the EU Emissions Trading System.
Although the recast of the Renewable Energy Directive does not currently set a specific target for aviation, the European
Commission is considering legislative options to boost the production and uptake of sustainable aviation fuels.

At the international level, the International Civil Aviation Organization (ICAO) sets standards for noise, local air quality
impacts and carbon dioxide emissions. Furthermore, the Carbon Offsetting and Reduction Scheme for International
Aviation, or CORSIA, an initiative of the ICAO, targets the carbon emissions of international civil aviation. Its pilot phase
starts in 2021.

More general EU policy frameworks, transport policies, initiatives and funding instruments also influence the development
of rail and air transport demand and supply and, therefore, the context in which environmental policies operate.

Introduction and international levels. The policy instruments
include a wide range of measures, including pricing

The environmental impacts of medium- to long-distance policies (taxes, charges, subsidies), technology

passenger travel by rail and air are mitigated by various standards, other command-and-control measures,
policies at EU and international levels on the one infrastructure measures and support for research and
hand and at the national level on the other. First of development (R&D) as well as more general measures.
all, a number of general EU policy frameworks apply Table 4.1 gives a general overview, with a focus on the
to both transport modes. In addition, mode-specific control of the environmental impacts caused by climate
policies are used or will come into use at EU, national change, air pollution and noise.
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Table 4.1 Overview of policy frameworks and policies at EU, national and international levels
Environmental Government Policies
impact level Rail Air
General framework: EU climate and energy framework
Renewable Energy Directive
EU

European Green Deal

ETS (electric trains)

ETS (intra-EEA aviation)

Climate change International

CORSIA
CO, standards for new aircraft (ICAO
standards)

National

Fuel taxes
Electricity taxes
Renewable energy policies

Fuel taxes (domestic flights) or ticket taxes

Policies on sustainable aviation fuels

EU

General framework:
Air Quality Directive
National Emission Ceilings Directive

Emission standards for diesel locomotives

Air pollution ) ) ) Aircraft emission standards (in line with ICAO
and railcars (non-road mobile machinery
) standards)
regulation)
International Engine emission standards (ICAO standards)
) ) Airport charges differentiated by aircraft
National National taxes/charges I p } g I : v al
emission levels
General framework: Environmental Noise Directive
Noise certification standards (in line with
Rail noise emission limits ICAO standards)
EU ) Regulation (EU) No 598/2014 on the
Regulatory framework for noise- ; ) )
) . . procedures concerning the introduction of
differentiated rail track access charges . ) .
noise-related operating restrictions (also
schemes S )
taking into account other environmental
Noise impacts)
Noise certification standards
International Procedures concerning the introduction of
noise-related operating restrictions
. . . ) Noise-diff tiated ai tch
) Noise-differentiated rail track access charges olse-diiferentiated airport charges
National L Aviation noise abatement schemes
Rail noise abatement programmes ) ’ -~
Noise-related operating restrictions
Sustainable and Smart Mobility Strategy 2020
EU strategy on low-emission mobility 2016
Transport White Paper 2011
TEN-T programme Connecting Europe Facility
ERDF and Cohesion Fund/ESIFs
EU Horizon 2020 transport
European digital strategy
General
. Air Service Regulation
Railway packages
- ) ] SES
Recast of the Interoperability Directive
) . SESAR
Shift2Rail . )
Clean Sky joint undertaking
Non-envi | ai h
National Non-environmental rail charges o.n .enwronmenta airport charges and
aviation taxes
Note: CORSIA, Carbon Offsetting and Reduction Scheme for International Aviation; ERDF, European Regional Development Fund; ESIF,

European Structural and Investment Fund; ETS, Emissions Trading System; ICAO, International Civil Aviation Organization