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Abstract. Air-rail mobility has the potential to play a significant role
in addressing European mobility challenges such as emissions reduction
and capacity shortages. Rail can complement the air network in different
ways: enlarging airport catchment areas, supporting operations in case of
disruption or replacing air links to obtain environmental benefits. There
is, however, still a need to better understand the potential role of rail
when substituting current air links both from a strategic and a tactical
mobility perspective, particularly when passenger connections are con-
sidered. This was initially assessed, considering passengers’ door-to-door
itineraries, as part of the Modus project (H2020 - SESAR 2020) with an
innovative approach towards data driven, integrated air-rail modelling.
Further considerations, such as the evaluation of strategic and tactical
multimodal solutions, will be explored in the MultiModX project (Hori-
zon Europe - SESAR 3). This discussion paper presents the modelling
challenges addressed in Modus and the approach defined for MultiModX
to evaluate and model multimodal door-to-door solutions.

Keywords: Multimodal mobility · Integrated modelling · Air-rail net-
works · Passenger door-to-door transport.

1 Introduction

The topics of multimodality, passenger experience and inclusion, and creation
of a seamless mobility system within Europe that meets the goals of the Paris
Climate Agreement are gaining traction [11]. In line with this, airports are con-
sidered to be multimodal nodes of the future [1, 10].

Coordinated planning and collaborative decision-making, based on informa-
tion sharing and common situational awareness across transport modes, are key
enablers to realise this vision [17]. Railway planning can help enlarge airport
catchment areas and shift passengers from feeder flights to high speed rail (HSR)
connections, reducing green house gas (GHG) emissions and releasing airport
capacity [13]. At the strategic level, schedule synchronisation between differ-
ent transport networks can significantly reduce total door-to-door (D2D) travel
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times by optimising transfer times [18, 15]. At tactical level, coordinated pas-
senger re-booking, re-routing, re-planning and dynamic rescheduling can help
deal with the many unexpected events that occur in any transport network [6],
rendering the transport system more resilient against disruptions [18].

Therefore, the interactions between different transport modes are manifold.
They can take the form of substitution, for example, by competing for the best
service to travellers, or as complementary services by covering different segments
of a door-to-door journey and serving as a feeder mode for one another. There
is still a need to better understand the potential role of rail when substituting
current air links both from a strategic and a full mobility perspective.

Recent discussions and developments in the air-rail context focused on the
replacement of short-haul air routes by HSR, where applicable. A shift from air
to rail on routes with feasible HSR replacement options is being evaluated across
several European countries, with France at the forefront of introducing such a
mandate [4].

This discussion paper presents some of the work conducted in the Modus
project from the SESAR 2020 (Horizon 2020) programme4. Modus modelled fu-
ture scenarios where multimodality is present, considering the passengers’ full
D2D mobility. The focus on this contribution is on highlighting some of the
challenges of modelling these scenarios, describing the novel approach adopted.
Moreover, MultiModX, a new SESAR 3 (Horizon Europe) project (Grant Agree-
ment underway) will further explore the design and evaluation of strategic and
tactical multimodal solutions. This will be achieved by:

– identifying and characterising current and future scenarios for long-distance
passenger multimodal transport in Europe;

– developing a multimodal performance, modelling and evaluation framework
(Performance Assessment Solution);

– developing a Schedule Design Solution for the integrated planning of air and
rail networks; and

– developing a Disruption Management Solution based on coordinated air and
rail tactical schedule adjustments and passenger reallocation.

2 Air-Rail replacement: Needing a dedicated multimodal
modelling

The substitution potential of air and rail applying modal choice analysis has
been the subject of various studies [2, 3]. Focusing on the environmental impact,
CO2 emissions for air transport are higher than those for rail [12]. Similar results
are found in [16] where CO2 emissions per passenger-km are considered.

However, these replacements are not always simple to implement due to the
complexity of passengers’ itineraries. A network analysis carried out in Modus
assessed the maximum potential air replacement that can be achieved with the
use of HSR network focusing on Spain, France, Italy and Germany. One of the
4 https://modus-project.eu/ (Accessed April 2023)
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challenges of replacing flights by rail is the impact these replacements have on
passenger connectivity at airport hubs. To analyse this, data from a busy day in
2014 schedules and passenger itineraries were used [9, 14]. Rail alternatives are
extracted considering 2019 routes from the MERITS database5 [19].

The analysis assessed the impact of banning flights, shorter than a given dis-
tance, where HSR alternative is possible. Figure 1 shows the results obtained
as a function of the distance between origins and destinations where to impose
the ban. A relative low number of flights would be impacted by bans up to
1200 km. For example, with a ban of 800 km only 1800 flights would be af-
fected, i.e., 15.1% of all flights. Considering passengers itineraries, the number
of connecting passengers impacted would be low in number (around 18% of all
passenger transported) but a significant number of flights would have at least
one connecting passenger on them. From the 1800 replaced flights more than
1500 have some passengers with connections. This highlights the importance of
coordinated networks and passenger connectivity on these short segments.

Connecting passengers are not too significant in volume (around 20-25% of all
passengers potentially moved to rail), but present a significant challenge due to
the required synchronisation of processes. Multimodal itineraries are therefore a
must when these substitution policies are considered. Focusing only on individual
flights without considering the airline network (with connections) and passengers
door-to-door itineraries is too limiting as journeys would be impeded.

Dedicated models are therefore required for these analysis. These should rely
on the modelling of passengers itineraries rather than a more traditional flight-
centric approach used in the field of air transport. This is the basis of the mobility
simulator Mercury developed over several European research projects: first as a
flights and passengers itineraries gate-to-gate simulator (POEM and Complexity-
Costs projects) [5]; then including first and last mile mobility (DATASET20506

and Vista7 projects) [8]; the model was redesigned following an Agent-Based
paradigm (Domino8 project) [14]; and finally multimodal (rail) itineraries were
included (Modus project) [7]. The different components of a journey are inde-
pendently modelled with different level of resolution, e.g. door-to-kerb can be
estimated as a function of passenger and city archetypes, while in the gate-to-
gate phase flights (and connections) are individually simulated, including aspects
such as congestion or reactionary delay. This modular and flexible approach en-
abled us to incorporate new processes and complex travel architectures, e.g.
a rail-air multimodal itinerary can be simulated as the succession of: door-to-
platform (access to rail), platform-to-platform (rail leg), platform-to-kerb (rail to
airport), kerb-to-gate (airport processes), gate-to-gate (air leg(s)), gate-to-kerb
(airport processes), kerb-to-door (airport to door).

5 Multiple East-West Railways Integrated Timetable Storage (MERITS) is a database,
owned by UIC (International Union of Railways), containing the integrated timetable
data of many European railway undertakings.

6 https://cordis.europa.eu/project/id/640353 (Accessed April 2023)
7 https://cordis.europa.eu/project/id/699390 (Accessed April 2023)
8 https://cordis.europa.eu/project/id/783206 (Accessed April 2023)
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The approach followed in Modus (scenario definition, multimodal trip pro-
cesses segmentation, archetypes definition, etc.) will be discussed with further
detail in the presentation along with some key results.

Fig. 1. Rail and air network considered.
Impact of introducing air ban as a funciton of Great Cirlce Distance (CDG).
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3 The need for evaluation of integrated solutions

Fig. 2. MultiModX concept

As previously indicated (and following Modus’ results), further research is
required to provide a fully integrated multimodal transport system. These op-
portunities will be explored in MultiModX project, as shown in Figure 2.

In particular, there is a need for a multimodal Performance Assessment So-
lution which enables the evaluation of a multimodal framework with two perfor-
mance evaluators: strategic and tactical. The software architecture of the Perfor-
mance Assessment Solution will enable the seamless integration of strategic and
tactical multimodality Solutions so that they can be evaluated under different
configurable scenarios.

A Schedule Design Solution will enable the coordinated design of air and rail
schedules according to expected demand behaviour following the requirements
defined in future scenarios. Finally, tactically a Disruption Management Solution
will support decision-makers responding to disruptive events in real time, in
order to minimise the impact on passengers, profiting from the extension of the
A-CDM concept to other transport modes.

The presentation will expand these concepts and describe the approach for
their development and validation.
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