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Streamlining Multi-Stop Flights With Ground Transportation

Kevin Bislip
Control and Simulation, Faculty of Aerospace Engineering
Delft University of Technology (TU Delft)
Delft, The Netherlands

Abstract—Passenger transportation in Europe is often dupli-
cated using modes of transportation which are environmentally
inefficient. Quantifying the carbon dioxide emission inefficiencies
of flights versus transit is beneficial to understand the potential
savings of a modal shift. In this paper, we analyze the emissions
in Europe from multi-stop flights using flight data from March
2019. The excess emissions are quantified by comparing each
multi-stop flight with an intermodal journey that does not exceed
60 minutes of extra travel time. We find that on average, transfer
passengers using intermodality can reduce their journey’s total
(segment) well-to-wheel and life-cycle assessment emissions by
33% (80%) and 30% (72%), respectively. 840 thousand (19 %
of total) transfer passengers starting or ending their journey
in Europe can skip the feeder flight while saving an average
of 28 minutes of door-to-door travel time. For air travellers
taking intra-European multi-stop flights, 157 thousand transfer
passengers (10% of the total) do not have to even enter an
airport. Further insights regarding the European mobility vision
are made, with recommendations for various stakeholders.

Index Terms—intermodal transportation, door-to-door, multi-
stop flights, European mobility, emissions, modal shift

I. INTRODUCTION

Air traffic growth has led to increasing concerns about
the impact of aviation on the climate. In response to these
concerns, efforts have been directed towards developing tech-
nological and procedural solutions that can reduce the car-
bon footprint of the aviation industry. Despite these efforts,
flight and air traffic management inefficiencies, as well as
congestion-related delays, remain a significant challenge that
needs to be addressed.

The hub-and-spoke network structure offers more flight
options for travellers and provides more efficient service for
routes with low demand. Airlines benefit from higher opera-
tional density and can offer more frequent flights [1]. However,
travellers face longer travel times because of the layover at
the hub airport. By using feeder flights, the congestion issues
at hub airports are amplified as airlines schedule flights in
banks with arrivals and departures happening at around the
same time. For some multi-stop flights (MSFs), this network
structure also leads to duplication of air and rail capacity in
Europe in order to feed passengers into hub airports.

Sustainability and mobility are high priorities for Europe.
The European Green Deal calls for a 90% reduction in
greenhouse gas emissions from transport by 2050 compared
with 1990 [2]. The European Commission saw that the air-
port capacity “needs to be optimized and, where necessary,
increased to face a growing demand for travel ... which could
result in a more than doubling of EU air transport activities
by 2050. In other cases, (high speed) rail should absorb

much medium distance traffic” [3]. Europe’s mobility goal,
the Flightpath 2050 aims to enable 90% of citizens to reach
any place in Europe within 4 hours door to door by 2050, for
journeys including an air segment [4]. In order to address these
objectives, an out-of-the-box solution is needed to facilitate
a shift towards the most sustainable but also time-efficient
transport modes. This paper proposes to explore the possibility
of integrating ground transportation and air travel in Europe.
By doing so, it may be possible to reduce carbon dioxide
emissions while maintaining a similar door-to-door travel time
for passengers.

The current paper has a threefold contribution. The first is
a novel method developed to recreate realistic 1-stop MSFs
and estimate their associated number of transfer passen-
gers. Secondly, this paper integrates flight data with ground
transportation data to create potential intermodal passenger
journeys. Thirdly, this paper shows that integrating MSFs
with existing ground transportation can reduce travel time and
environmental footprint for passengers, both in terms of well-
to-wheel (WTW) emissions and life-cycle assessment (LCA)
emissions. The WTW emissions of aircraft and the various
ground transit options cover both the well-to-tank (WTT)
as well as the tank-to-wheel (TTW) emissions. The TTW
emissions result from direct combustion exhaust emissions,
while the WTT emissions occur during the production and
distribution of electricity and jet fuel. The LCA emissions
include the WTW emissions and also emissions from mainte-
nance, manufacturing of the vehicle/aircraft, and construction
of infrastructure to support the operations.

The remainder of the paper is structured as follows. Sec-
tion 1l describes the method for reconstructing MSFs and
estimating transfer passengers. In Section Ill, the method for
retrieving and integrating ground transportation data to create
intermodal journeys is proposed. In Section 1V, the estimation
methods of carbon dioxide emissions for both flights and
ground transportation is shown. Then, in Section V, some
applications of the model are made and a sensitivity analysis
of the model is performed. Penultimately, Section V1 discusses
the limitations of the model described in this paper and insights
into the future of European mobility are made with recommen-
dations for the different stakeholders. Finally, conclusions are
drawn in Section VIl and some recommendations for future
work are given.

II. MODELING MULTI-STOP FLIGHTS
This section introduces the method for reconstructing re-
alistic multi-stop flights (MSFs) from individual flights. Also,
the associated transfer passengers are quantified on each MSF.



A. Reconstruction of Realistic Multi-stop Flights

Flight plan data is necessary to understand where a flight
starts and ends, when a flight took place, which airline
flew what kind of aircraft and whether it was a commercial
passenger flightt: EUROCONTROL’s R&D data [5], hereafter
named flight data contains four months of each year of detailed
individual flight plan data. The month of March 2019 is used
for analysis purposes. The geographical scope of the flight
data includes all flights originating from, arriving at, or flying
over one of the countries within the operational area of the
EUROCONTROL Network Manager. E.g., international flights
starting from the United States and ending at a European
airport would be present in the data. The flight data contains
actual and filed flight plan data starting from departure from
the gate, i.e., the off-block time, until arrival at the destina-
tion airport at the time of landing. To estimate the time of
arrival at the gate, i.e. on-block time, taxi-in times are also
made available by EUROCONTROL [6]. In this paper, it is
necessary to find 1-stop MSFs with at least one flight leg
replaceable for intermodality. Hence, 1-stop MSFs must have
airport combinations with at least two airports in the area
of interest within Europe connected by land with each other
and that have sufficient Google Maps data within Europe. 310
airports are within the area of interest, as can be seen in Figure
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Fig. 1: Airports considered for intermodality within flight data.
Map is clipped for clarity.

The flight data was enhanced by merging it with alliance
data from the three major airline alliances: Star alliance,
Skyteam, and Oneworld. This was done to enable inter-airline
transfers within the same alliance and to create more realistic
MSFs. These inter-airline transfers, also called codesharing
agreements, are a key feature in airline alliances to connect
an airline with a non-serviced market. Together these alliance
flights form over 72% of the cleaned flights’ dataset.

The flight data were cleaned to recreate commercial MSFs.
For this, only traditionally scheduled flights which are rep-
resentative of normal operations were kept. Low-cost airlines
were filtered out as they do not typically book MSFs. Flights
with unknown operator International Civil Aviation Organiza-
tion (ICAO) codes given by ’ZZZ’, unknown aircraft types
given by ’ZZZ7Z7’, and unknown airports given by 'ZZZz7’
were removed [7]. Flights with the same origin and destination

airport were removed. From the original 789 thousand flights,
453 thousand flights remain after cleaning.

Time and distance-based filters were created to exclude
flights that were excessively outside of normal operations. For
example, flights with more than 120 minutes of difference
between actual off-block time and filed off-block time were
removed. Flights shorter than 30 minutes, or longer than 19
hours were removed. Also, the difference between the filed
and actual flight time in minutes must be smaller than 25%, to
avoid flights with much delay. The coordinates of airports were
used to calculate Haversine (or great circle) distance (GCD)
between origin and destination airports given by the following
equation:

dy = 2rarcsin

\/sinz( 22 1)+cos’1 cos 75 sin2( 22 1) (1)

where

71, 72 are the latitude of point 1 and 2,

1, 2 are the longitude of point 1 and 2,
r is the radius of the sphere, which for earth is 6372.8
km.

The flight would be excluded if the flight’s actual flown
distance (da) is 30% longer than the GCD (dg):

da
dg

After filtering the data, 418 thousand flights remain. These
remaining flights are used to create realistic commercial
passenger MSF combinations, i.e., flights that air travellers
would take in sequence. The individual flights were placed in
departure and arrival timeslots of one hour by flooring the off-
block times and on-block times, respectively. The flights were
then merged on the same connecting airport using a 6-hour
ahead moving time window. MSFs with the same origin and
destination airport and MSFs with different airlines not within
the same alliance are removed.

At this point, 5 million potential MSFs are found. However,
not all of these are realistic. To make them realistic, six
conditions are applied. Due to the uncertainty in the input
parameters for these conditions, a sensitivity analysis is con-
ducted which is given in Section V-C.

Consider the example of a passenger who boards a MSF
starting from Amsterdam, makes a transfer in Beijing, and
finally arrives in Brussels. Using this example two conditions
are identified. Firstly, MSFs should have at least some min-
imum distance from the origin to the destination. For the
baseline model, this parameter is set to 300 km. This was
chosen using insights from existing routes. Secondly, the total
Haversine distance travelled (dg ) should scale with the direct
Haversine distance (dg_q), it does not make sense to travel the
world and back. To find the right sense scale (S), real intra-
European and extra-European MSF routes are discovered using
popular flight booking websites. A linearly decreasing scale
with a minimum threshold was found to fit well with existing
MSFs, as shown in Eqg. 4, with the appropriate parameters. If
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Condition Parameter value

Minimum worth distance 300 km
Sense distance switch 2000 km
Sense ratio short-haul/long-haul 2.5/1.25
Minimum transfer time 70 minutes
Maximum transfer time 5 hours

Minimum frequency in both legs
Maximum direct flights frequency

1 flight per 2 days
1 flight per day

TABLE I: Baseline model condition initial parameters.

the sense scale S is larger than the total distance travelled dg ¢
divided by the direct distance dg g, the MSF is kept.

dg g < 2000km  (3)
2000km  (4)

S= 6:25¢ 4 dgq+25
=125

for

for dg_q

A third condition is made to recreate the fact that airlines do
not book MSFs if the passenger cannot make the connecting
flight, usually with the help of the minimum connecting time
which is given per airport. This data was not freely available,
hence the minimum connecting time (MCT) was set as a
constant of 45 minutes across all airports. The transfer time
is defined as the difference between the on-block time of the
first flight leg, i.e., when the first aircraft is parked, and the
off-block time of the second flight leg. This transfer time
must be larger than the MCT plus a 15-minute departure
time buffer (assuming boarding closes about 15 minutes before
the departure time) plus 10 minutes of deboarding time. The
variation in deboarding time was not considered in this paper.
The fourth condition looks at the maximum transfer time, as
passengers tend to avoid MSFs with a large transfer time.
Hence, if the transfer time to the second flight leg is larger
than 5 hours, the MSF is filtered out.

The fifth condition considers a MSF irrealistic if there is
not sufficient frequency in both flight legs by the same airline
or alliance. For the baseline model, there must be at least 15
flights in both flight legs, which translates to about one flight
every two days.

Finally, if there are more than a certain number of direct
flights which go directly from the departure airport to the
destination airport, a MSF would be considered irrealistic.
These direct flights are only by a single airline or alliance,
not the total direct flights combined by all airlines. The idea
behind this condition is that passengers are assumed to select
direct flights over MSFs. For the baseline model, a maximum
frequency of 1 direct flight per day by any airline or alliance
is allowed for a multi-stop route to exist.

After applying the aforementioned conditions, which are
summarized in Table I, 1.9 million realistic MSFs for the
baseline model remain.

B. Challenge of Estimation of Transfer Passengers

Estimating the number of transfer passengers on a given
MSF is useful to understand the impact of shifting MSF
passengers, or transfer passengers to intermodality. For future
research on, e.g., passenger flows, knowledge of transfer
passengers can be useful. However, the estimation depends on
many unknown and sometimes interdependent factors. E.g.,

the airline, the load factor of the flight (which itself depends
on many other factors such as the aircraft type), day of the
week, season, origin and destination pairs or even the time of
day to name a few. The number of transfer passengers on a
certain flight is known by airlines but is not publicly available.

To estimate the number of transfer passengers it is first
necessary to estimate the number of passengers on a par-
ticular flight. Using the aircraft type from the flight data,
the flight data were merged with data on aircraft maximum
seat capacities. To conform with the chosen carbon dioxide
emissions model chosen, the worldwide average load factor
of 81.9% provided by The International Air Transport Associ-
ation (IATA) in 2018 is used [8]. In reality, the load factor of a
flight depends on many different factors which are explained
in Section VI-B. The maximum (single-class, high-density)
number of seats available on an aircraft is provided by the
aircraft manufacturer or was found in the EUROCONTROL
Aircraft Performance Database [9, 10]. The limitation of
using a single-class, high-density configuration is described
in Section VI-B.

Now that the number of passengers on each flight is known,
the connecting airport’s transfer rate comes in useful for
estimating the average number of transfer passengers. The
airport transfer rate is a statistic of an airport determining
the ratio of transfer passengers versus origin and destination
passengers. The airport transfer rate is simply multiplied by
the number of passengers on the first flight leg to find the
number of transfer passengers. It is assumed that while there
are variations between flights, over a month these differences
average out. Several major hub airports publish their transfer
rates. However, not all airports do, especially smaller airports.
This data is available for purchase by SABRE market intelli-
gence, which has been processed in a study on global transfer
passenger developments by DLR & Sabre [11]. The data used
by this study was kindly provided solely for this paper. Future
work could perform desk research on major hub airports and
assume a zero transfer rate for others.

Now the distribution of these transfer passengers transfer-
ring into other final destinations through the connecting airport
must be reasoned. This is because there are usually more than
one possible transfer flight a passenger can take. Therefore, a
transfer probability is calculated using a normal distribution
based on the transfer time for each possible transfer flight.
For the baseline model, a mean of 2 hours of transfer time
and 30 minutes of variance is used. This leads to at times
an over-allocation of transfer passengers from many first legs
into a second flight leg. In order to counteract this, the capacity
of the second flight is divided by the total allocated transfer
passengers and this ratio is limited to 1. This ratio is then
multiplied by the previously calculated number of transfer
passengers from a single flight leg 1 to normalize it.

I1l. INTERMODAL ALTERNATIVE

In the previous section, the realistic multi-stop flights
(MSF)s were reconstructed from individual flight data. In this
section, these MSFs are converted to intermodal journeys, by
replacing one or both flight legs. The basis for transit data















	Preface
	Nomenclature
	List of Figures
	List of Tables
	I Scientific Paper
	II Preliminary Report (Previously graded for AE4020)
	Synopsis
	Introduction
	Research
	Research Question
	Research Objective

	Literature Review of air-rail intermodality
	The relation between air travel growth and congestion
	Future air travel growth
	Delay and capacity constraints

	Intermodal effects and feasibility
	Competition effects rail integration with air
	Aviation cooperation with rail
	Air substitutability by rail

	Sustainability of air travel and ground transportation
	Life cycle assessments of air and rail transportation
	Direct emissions of different travel modes


	Methodology and Preliminary Results
	Experimental Set-up
	Reconstructing multi-stop flights
	Estimation of multi-stop passengers
	Ground transportation journey
	Intermodal transportation integration
	Emissions estimation
	Simulation
	Sensitivity analysis

	Preliminary Analysis
	Analysis of the single flights dataset
	Analysis of multi-stop flights results

	Planning
	Conclusions
	References


