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Abstract  

This document presents the work completed in WP6 ‘Simulation and evaluation of intermodal 
solutions and information services’ of the TRANSIT project. The document describes how the 
TRANSIT Intermodality Assessment Framework has been applied to evaluate the new intermodal 
solutions proposed by the project, Intermodal Timetable Synchronisation and Intermodal Disruption 
Management, through a set of case studies. First, we describe the assessment of the Intermodal 
Disruption Management solution, which has been simulated for the access to the Madrid-Barajas and 
Paris-Charles de Gaulle airports using a MATSim model of the metropolitan areas of Madrid and 
Paris. Then, we present the evaluation of the Intermodal Timetable Synchronisation solution, which 
has been tested using a J-TAP model of Spain. The results show how the TRANSIT assessment 
framework can be used for modelling intermodal solutions and assess their potential for reducing 
delays, travel cost and CO2 emissions, as well as to improve the resilience and predictability of the 
transport system. We conclude by summarising the main conclusions of the case studies and 
providing a set of recommendations for the use and future enhancement of the TRANSIT modelling 
framework. 
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Executive Summary 

The goal of TRANSIT is to develop a set of multimodal key performance indicators (KPIs), mobility 
data analysis methods and transport simulation tools enabling the evaluation of the impact of 
innovative intermodal transport solutions on the quality, efficiency and resilience of the door-to-door 
passenger journey. The general goal has translated into the development of three different solutions: 

 TRANSIT’s Intermodality Assessment Framework, which consists of: (1) a set of multimodal, 
passenger centric, door-to-door performance indicators; (2) a set of data analytics techniques 
for the detailed reconstruction of long-distance multimodal trips through the analysis of new 
big data sources (e.g., mobile network data) and their fusion with more conventional data 
(e.g., passenger surveys); (3) an open-source simulation framework that integrates a long 
distance travel demand model (J-TAP) with a simulation model of airport access and egress 
(MATSim); (4) a methodology to combine these tools for the assessment of multimodal 
solutions. 

 Two solutions encompassing strategic (long term) and tactical (short-term) measures: 

o The TRANSIT Intermodal Timetable Synchronisation solution, which enables the design 
of synchronised timetables between air transport and ground public transport modes. 
The solution consists of an algorithm that generates a timetable that optimises the 
connection times between flights and ground public transport services so as to find the 
best possible trade-off between reducing door-to-door travel times and minimising the 
risk of missed connections in the case of delays. 

o The TRANSIT Intermodal Disruption Management Tool (AMAN/DMAN Ground Tool), 
which provides a mechanism for information sharing and coordination between air 
transport and ground transport suppliers for the tactical management of disruptions in 
the airport access modes, such as an unexpected rail or subway shutdown.  

The document describes how the TRANSIT Intermodality Assessment Framework has been applied to 
evaluate TRANSIT’s Intermodal Timetable Synchronisation and Intermodal Disruption Management 
solutions through a set of case studies. 

The Intermodal Disruption Management solution has been evaluated by modelling and simulating 
daily mobility in the metropolitan areas of Madrid and Paris-Île de France and analysing the access 
to the Madrid-Barajas and Paris-Charles de Gaulle airports. To this end, we have used the new 
version of the MATSim agent-based transport simulation framework developed by the TRANSIT 
project. In the Madrid model, the main data source used from modelling long-distance travel 
behaviour has been anonymised mobile network data provided by Orange Spain; as for the Île de 
France MATSim implementation, the modelling of travel behaviour has mainly relied on household 
travel surveys and other data available as open-source. In the case of Madrid, we have simulated the 
impact of a disruption in the metro line connecting the city with the Madrid-Barajas airport; in the 
case of Paris, the study has focused on the disruption of the rail line RER-B, which runs from the 
centre of Paris to the Terminals 2 and 3 of the CDG airport. Simulations revealed that, while the 
transport systems of Madrid and Ile de France are quite resilient and allow passengers to re-route 
efficiently, the Intermodal Disruption Management solution developed by TRANSIT helps minimise 
the impact of the disruption, reducing by around 30% the number of passengers that miss their 
flights due to such disruption. 
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The Intermodal Timetable Synchronisation solution has been evaluated by modelling and 
simulating long-distance travel for a period of several months in Spain. The J-TAP agent-based 
modelling framework developed by TRANSIT has been put at work to implement models of 
long-distance travel both in Spain and France. Model calibration revealed particularly challenging, 
and showed the value of the fine-grained travel demand information extracted for Spain using 
Orange’s mobile network data and the data analytics algorithms developed in previous stages of the 
TRANSIT project; calibration of the France model, based on more traditional survey data, was 
insufficient to provide reliable results, so the simulation exercises focused on the Spain case study. 
The timetable synchronisation solution was evaluated by analysing the Valencia-Lanzarote 
origin-destination pair, looking at three different scenarios: the transport infrastructure and services 
currently available; the construction of a HSR station at Madrid-Barajas airport (currently ongoing); 
and the implementation of timetable synchronisation. The results of the simulations show that the 
combination of HSR station at the airport with the optimisation of rail-air timetable synchronisation 
has the potential to cause substantial modal shift, boosting rail modal share from 35% to up to 50% 
in the Valencia-Madrid leg. This would in turn translate in a significant reduction of CO2 emissions, as 
well as on the release of airport capacity that could be used for other flights.  

The case studies have allowed us to derive a number of conclusions and recommendations:  

 TRANSIT’s Intermodality Assessment Framework offers an enormous potential for the 
analysis of intermodal solutions. Future enhancements of the proposed framework should 
include aspects such as the developing of new data analytics algorithms to enrich the 
information than can be extracted from mobile network data (e.g., group travel), the 
enhancement of MATSim to model travellers’ reactions to information on disruptions in a 
more detailed and accurate manner, and the development of more robust approaches to 
J-TAP’s calibration process. 

 TRANSIT’s Intermodal Timetable Synchronisation solution has the potential to not only 
reduce total door-to-door travel time and generalised travel cost, but also to cause a 
significant modal transfer from feeder flights to high-speed rail. Future research should 
address more complex combinations of airports, railways stations and OD pairs, in order to 
address network effects, which may raise new challenges related to the formulation and 
implementation of the optimisation algorithms. 

 TRANSIT’s Intermodal Disruption Management solution (AMAN/DMAN Ground Tool) for 
tactical management of unplanned disruptions demonstrated its potential for reducing the 
number of stranded passengers without substantially affecting airport operations. This tool 
assumes information transfer between ground transport operators and the AOC. Future 
research should address the specific mechanisms for information sharing, as well as more 
comprehensive testing of the solution in a broader variety of validation scenarios. 
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1 Introduction  

1.1 Scope and objectives 

This document describes the work completed in WP6 ‘Simulation and evaluation of intermodal 
solutions and information services’ of the TRANSIT project.  

The goal of TRANSIT is to develop a set of multimodal key performance indicators (KPIs), mobility 
data analysis methods and transport simulation tools enabling the evaluation of the impact of 
innovative intermodal transport solutions on the quality, efficiency and resilience of the door-to-door 
passenger journey. The specific objectives of the project are the following: 

1. Propose innovative intermodal transport solutions based on information sharing and 
coordinated decision-making between air transport and other transport modes. 

2. Develop multimodal KPIs to evaluate the quality and efficiency of the door-to-door passenger 
journey. 

3. Investigate new methods and algorithms for mobility data collection, fusion and analysis 
allowing a detailed reconstruction of the different stages of long-distance multimodal trips and 
the measurement of the new multimodal KPIs. 

4. Develop a modelling and simulation framework for the analysis of long-distance travel 
behaviour that enables a comprehensive assessment of intermodal solutions in terms of the 
proposed multimodal KPIs. 

5. Implement the new modelling and simulation framework for the case studies of Spain-Madrid 
and France-Paris and use it to assess the expected impact of the proposed intermodal 
concepts and derive guidelines and recommendations for their practical development and 
implementation. 

Objectives 1 to 4 were addressed in deliverables D2.1 ‘ATM Role in Intermodal Transport: 
Opportunities for Innovative Intermodal Concepts and Passenger’, D3.1 ‘Multimodal Performance 
Framework’, D4.1 ‘Methodologies and Mobility Analytics Algorithms for the Analysis of the 
Door-to-Door Passenger Journey’ and D5.1 ‘TRANSIT Modelling and Simulation Framework’, 
respectively. These deliverables are available from the TRANSIT website (https://www.transit-
h2020.eu/ have translated into three proposed solutions: ). The results of this work 

 TRANSIT’s Intermodality Assessment Framework, which includes the performance framework, 
the new data analytics techniques for the detailed reconstruction of long-distance multimodal 
trips, and the modelling and simulation framework; 

 Two solutions encompassing strategic (long term) and tactical (short-term) measures: 

o TRANSIT’s Intermodal Timetable Synchronisation tool, which enables the design of 
synchronised timetables between air transport and ground public transport modes; 

o TRANSIT’s Intermodal Disruption Management tool, which provides a mechanism for 
information sharing and coordination between ATM and ground transportation 
suppliers for the tactical management of unplanned disruptions in the airport access 
modes, such as an unexpected rail or subway shutdown. 

https://www.sesarju.eu/
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This document focuses on Objective 5, which can be broken down into the following sub-objectives: 

 implement long-distance travel models of Spain and France and daily travel models of the 
metropolitan areas of Madrid and Paris based on the TRANSIT modelling framework described 
in D5.1;  

 simulate the new intermodal solutions and information services proposed in D2.1, the 
Intermodal Timetable Synchronisation and Intermodal Disruption Management tools, in a 
variety of scenarios using the TRANSIT Intermodality Assessment Framework proposed in D3.1, 
D4.1 and D5.1; 

 derive conclusions on the expected benefits and potential drawbacks of the investigated 
solutions; 

 provide guidelines and recommendations on the key aspects for the future development and 
practical implementation of the most promising solutions. 

1.2 Applicable documents 

 Grant Agreement No 893209 TRANSIT – Annex 1 Description of the Action. 

 D1.1 Project Management Plan, Ed. 01.01.00, 19 August 2020. 

 D2.1 ATM Role in Intermodal Transport: Opportunities for Innovative Intermodal Concepts and 
Passenger, Ed. 01.00.00, 26 March 2021. 

 D3.1 Multimodal Performance Framework, Ed. 01.01.00, 10 March 2021. 

 D4.1 Methodologies and Mobility Analytics Algorithms for the Analysis of the Door-to-Door 
Passenger Journey, Ed. 00.01.00, 21 May 2021. 

 D5.1 TRANSIT Modelling and Simulation Framework, Ed. 02.00.00, 30 August 2022. 

1.3 List of acronyms and abbreviations 

Table 1: List of acronyms 

Acronym Definition 

ADGT AMAN/DMAN Ground Tool 

AMAN Arrival Manager 

AOC Airport Operation Centre 

ATM Air Traffic Management 

CDG Paris Charles de Gaulle Airport 

CDRs Call Detail Records 

C-TAP Continuous Target-Based Activity Planner 

DMAN Departure Manager 

DGAC Direction Générale de l’Aviation Civile (French civil aviation authority) 

EMG Exponentially Modified Gaussian (distribution) 
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Acronym Definition 

ENTD 
Enquête nationale transports et déplacements (the national household travel survey 
conducted intermittently by the French national government) 

FiLoSoFi 
Fichier Localis´e Social et Fiscal (national statistics on income, provided by the French 
national government) 

GDP Gross Domestic Product 

GEH 
A statistical formula used in traffic engineering, forecasting, and modelling, which 
derives its name from Geoffrey E. Havers.  

GTFS General Transit Feed Specification 

GTS Ground Transportation Suppliers  

HSR High Speed Rail 

HTS Household Travel Survey 

INSEE 
Institut national de la statistique et des études économiques (National Institute of 
Statistics and Economic Studies in Franc) 

J-TAP 
A framework that enables the development of long-distance travel demand models: 
inspired by C-TAP 

OD Origin-Destination (usually refers to a matrix of these pairs) 

OSM OpenStreetMaps 

TGV France’s high speed rail service 

VOT 
Value of Time (usually refers to how much a person is willing to pay to reduce their 
travel time by that unit of time) 

WP4 Work Package 4 (of the TRANSIT project) 

WP5 Work Package 5 (of the TRANSIT project) 

1.4 Structure of the document 

The rest of this document is structured as follows: 

 Section 2 describes the assessment of TRANSIT’s Intermodal Disruption Management solution. 
We present the MATSim models of Madrid and Île de France, the way the intermodal solutions 
have been implemented, and the main results of the simulations. 

 Section 3 describes the assessment of the proposed Intermodal Timetable Synchronisation 
solution. We present the implementation of the J-TAP models of Spain and France, the way the 
intermodal solutions have been implemented, and the main results of the simulations. 

 Section 4 consolidates the main conclusions of the simulation experiments.  

 Section 5 derives recommendations for the implementation and further development of the 
TRANSIT solutions. 
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2 Assessment of disruption management 
solutions and passenger information 
systems in Madrid and Île de France  

2.1 Model overview 

The agent-based simulation model MATSim [1] has been chosen for the assessment of the 
intermodal solutions designed to address challenges at the tactical level, i.e., operational challenges 
whose time horizon is usually less than a day, generally only a few hours or minutes. MATSim, short 
for Mulit-Agent Transport Simulation, simulates the behaviour of individuals as they move through a 
city or region using the available transport modes. The spatio-temporal resolution of the simulation 
is very high, allowing the movement of individuals, or “agents”, to be followed precisely. Outputs 
include a detailed series of “events”, such as agents leaving home, entering their car, entering the 
road network, leaving one link and entering another, boarding a bus, or egressing from a train stop. It 
thus provides a good basis for investigating tools that are meant to mitigate unplanned disruptions to 
the transport network, such as TRANSIT’s Intermodal Disruption Management tool (the AMAN-
DMAN Ground Tool presented in section 2.2.1) and passenger information systems. However, 
MATSim, in its iterative loop (schematised in Figure 1), typically only allows changes to the daily 
schedule in the replanning phase, executed before the planned schedule is materialised in a 
simulation. In cases where simulated agents need to react in an online manner to rare or unplanned 
events, the iterative approach where agents learn to adapt is not applicable. This section describes 
the MATSim module developed by the TRANSIT to allow transport mode and route changes during 
the simulated day. 

 

Figure 1: The MATSim loop as implemented for the eqasim framework
1
 

Creating a disrupted transit schedule 

For each scenario we need to create a disrupted transit schedule. We do this by removing departures 
of the public transport line that falls within the disrupted time window. The script that performs this 
has three inputs: (i) the original (undisrupted) transit schedule, (ii) the list of transit lines affected by 
the disruption, and (iii) the start time and end time of the disruption  

                                                           

 

1
 https://eqasim.org/ 
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The script generates a new disrupted transit schedule that is then used in the MATSim simulation of 
the disrupted scenario. The disruption created can be described as follows: all vehicles on the line 
whose departure from their initial station is scheduled between the start and end times of the 
disruption are removed. Figure 2 exemplifies this type of disruption. 

 

Figure 2: Visualisation of the type of disruption generated by the disruption generation script, for an 
example disruption that “starts” at 14:00 and “ends” at 16:00 

Thus, the disruption starts at the both ends of the affected line, and percolates down the line. This 
also means that the disruption will not be noticed on the affected line at all stops at the same time: 
at first, only stops near the ends will be affected: as the disruption continues, more stops will cease 
having service. The disruption thus also lasts longer than the time specified in the table by the 
amount of time it takes one vehicle to traverse its entire route. This type of disruption was chosen 
because it is possible to implement it without needing to create a true disposition timetable for the 
MATSim simulation. The creation of functional disposition timetables for the simulation of other 
types of disruptions, such as shutting down only one part of a rail line, etc., was not considered in the 
project should be tackled in future research. 

Modelling the information available to the travellers 

As we want to test how access to information can affect the delays individuals experience due to a 
disruption, we divide our population into those that receive disruption information as it happens and 
those that find out about the disruption as they come in contact with the disrupted service. To 
distinguish these two, we attach an attribute aware-of-disruption to each individual with two 
possible values: true (the agent is informed about the disruption, either immediately or a few 
minutes after it starts - this can be set by the modeller) and false (the agent is not informed about 
the disruption). Moreover, we add an attribute shouldReplan to each leg in the agent’s plan to define 
whether this leg is affected by the disruption (true) or not (false). 

The script implemented to attach the above-defined attributes has three inputs: 

 The share of agents (between 0.0 and 1.0) that immediately receive information on the 
disruption. 

 The disrupted transit schedule. 

 The population file. 

The output of the script contains the enriched population stored in an xml file to be used as an input 
to the simulation studies. 
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Taxi mode 

In a severe public transport disruption, it is plausible that many people would call a taxi to ensure 
they could still get to the airport on time, or at least not miss their flight. Therefore, taxi mode was 
added as a potential alternative during a disruption. This required adding taxi as an available mode to 
each agent and defining its mode and cost parameters, a utility function, and declaring it as a mode 
that is allowed to use the road network. 

Taxis are not dispatched, i.e., there is no fleet being simulated nor is availability of taxis constrained. 
These are simply a “car” alternative for agents who do not have access to a car otherwise, but which 
cost the same as a taxi. This means that the simulations did not consider any potential shortage of 
taxi availability: each agent that “called” a taxi always received one immediately. Only agents that 
are affected by the disruption have the option to choose this simplified taxi mode.  

To accommodate some of the features of a real taxi service despite the taxi mode effectively being a 
“car” in the simulation, a waiting time attribute was added to the utility equation used in the mode 
choice model, as well as a per-kilometre cost that is higher than that of private car, reflecting the cost 
of using a taxi. In the Paris scenario, this cost was estimated to be 2 euros per kilometre based upon 
the information provided by CDG airport2.  In the Madrid scenario, we used a base cost of 30 euros, 
since this is the typical cost of using a taxi to get to the airport from the Madrid municipality. 

The decision against adding true, dispatched taxi fleets to the simulation – which would have enabled 
the simulation to consider shortages of taxi availability – was that this adds significant technical 
complexity, which would have made testing the effects of the new within-day-replanning (WDR) 
code much more difficult. In addition, simulating dispatched taxi fleets requires a large amount of 
computational power, and since WDR already requires substantially more computational power than 
a simulation without it, combining it with the dispatched taxi fleets will likely be a computational 
challenge. Finally, the integration of the code that enables the simulation of dispatched taxis fleets 
and the newly implemented WDR code would have added significant risk to the project. These 
improvements have thus been left for future research. 

Implementation 

In the context of TRANSIT, the re-implemented code for WDR works as an extension of eqasim 
(eqasim is both a framework for creating scenarios and a specific implementation of MATSim that 
uses discrete choice models instead of scoring to simulate agent’s decision making) to allow agents 
to adapt their transport mode and route choices. Each agent can perform replanning either before or 
during the trips. Constraints and mode availability depend on the current state of the agent that 
wants to replan its trip:  

 If the agent has not started its trip, the agent has an option to perform mode choice among 
the available modes taking into account that car and bike are only available if the person is at 
home or the agent used this mode to arrive to this activity, given its car and bike ownership 
information. 

                                                           

 

2
 https://www.parisaeroport.fr/en/passengers/access/paris-charles-de-gaulle/taxi 
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 If the agent is currently on the trip, the following rules apply: 

o If the agent is using walk or bike, the agent cannot be replanned. As these modes are 
not affected by disruptions studied in this project, this was created by design. Future 
work that focuses on urban travel may want to revisit this decision.  

o If the agent is on a car leg, the agent can only change its route. This means that the 
agent cannot abandon the car or potentially drive it back home before switching to a 
new transport mode. 

o If the agent is on a public transport leg, the agent can change its route or switch to a taxi 
mode. The choice between taxi and public transport is made using a multinomial logit 
(MNL) model. 

The implementation contains two important classes: ReplanningEngine and ReplanningLogic. 

ReplanningEngine 

ReplanningEngine class monitors which agent needs to replan. Before each simulation time step (so 
before each second of the simulation is simulated), it performs two checks:  

 If the current simulation time is equal to the disruptionTime, it adds all agents with the 
“aware-of-disruption” attribute equal to true to the list of agents to be replanned 

 If the current simulation time is equal to or greater than the replanningTime, it adds all 
agents that are currently on a trip affected by the disruption (based on the shouldReplan 
attribute) to the list of agents to be replanned 

The list of the agents to be replanned is then iterated over and, one by one, passed to the 
ReplanningLogic. 

ReplanningLogic 

ReplanningLogic requires information on whether mode-choice is available while the agent is on a 
trip. This is provided with the mode-choice-during-trip argument when running the main class. The 
ReplanningLogic class is agnostic to the scenario studied, which was enabled by providing the 
necessary information based on the studied area, defined with the command line argument - 
scenario. ReplanningLogic class is responsible for replanning agent trips based on the agent's state, 
mobility tool ownership, and previous trip transport mode. The primary method tryReplanAgent() 
tries to replan the agent’s trip based on the following logic: 

 If the agent is currently on an Activity, it obtains information on the currently available modes 
by taking into account the location of the agent, the transport mode used to reach this 
location, and mobility tool ownership. Mode choice is performed using the MNL model defined 
for the studied area (in this project, either Ile de France or Madrid).  

 If the agent is currently on a Leg, it first checks the current transport mode: 

o Walk or bike: no replanning 

o Car: only changing the route is allowed; the remainder of the old route is removed from 
the agent's plan, and the new shortest path from the current location and destination is 
calculated and appended to the already materialised part of the route. 
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o PT: the agent can change the route or alternatively switch to another mode (in our case 
taxi) if the mode-choice-during-trip run-command argument - which is an input to the 
Main Method - is set to true. In any case, the agent replans using the following rules: 

 If the agent is currently approaching the station on foot, it will finish its approach 
and replan from the station. 

 If the agent is currently in the vehicle, it will have the possibility to replan from 
the following possible vehicle stop by either staying in the vehicle, exiting and 
continuing its journey using a different public transit option, or switching to the 
taxi mode.  

 If the agent is currently waiting for a public transit vehicle, it can immediately 
start replanning its trip by continuing to wait for the same transit line, switching 
to a different line, or to a taxi.  

 The remainder of the old route is deleted, and the newly generated route is 
appended to the previously materialised part of the route. 

Main method 

The main method provided to run the case studies takes config-path, mode-choice-during-trip, 
disruptionTime, and scenario as inputs. The output is the typical MATSim simulation output, which 
can be used to analyse the effects of providing information in case of disruptions. 

2.2 Intermodal solutions: disruption management tool and 
passenger information services 

2.2.1 Disruption management solution: extended AMAN-DMAN 

TRANSIT’s Intermodal Disruption Management solution proposes a coordination mechanism 
between Air Traffic Management (ATM) and Ground Transportation Suppliers (GTS) in case of a 
disruption on the ground side. A collaboration based on information sharing between ground and air 
transportation stakeholders is considered in this work. When a disruption occurs on one of the 
airport access modes (such as a train or a subway shutdown), several outbound passengers are likely 
to miss their flights. We assume a passenger information service allowing passengers to declare 
themselves as delayed to GTS. Then the Airport Operation Centre (AOC) would have some knowledge 
on passengers’ status (on-time, delayed) thanks to information sharing with GTS. The AOC would be 
able to delay specific flights to help passengers affected by the disruption to catch their flights. 
Assigning pushbacks (i.e., a delay at the gate) to these targeted flights would be done thanks to the 
Departure Manager (DMAN) tool. However, holding several aircraft at the gate is likely to induce 
congestion on the airport’s airside. Thus, arriving flights need to be regulated through the Arrival 
Manager (AMAN) tool to mitigate airport congestion. Information on air passengers would be 
valuable to not induce missed air connections while regulating the arriving aircraft flow. A more 
detailed description of this tool can be found in D5.1 or in [5]. Figure 3 illustrates the different steps 
of this coordination mechanism. 
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Figure 3: Illustration of the different steps of the AMAN/DMAN coordination mechanism, ADGT 

Let us assume a disruptive event such as a shutdown on a subway which goes to the airport (step 0 in 
Figure 3). Outbound passengers who rely on the subway to reach the airport are likely to miss their 
flight. If the subway operator knows which passengers are impacted by this disruption (step 1), this 
information could be communicated to the AOC (step 2). Thus, a set of flights can be targeted to wait 
for passengers affected by the disruption (step 3). At the same time, decisions on other departing 
and arriving flights need to be taken to mitigate airport congestion. The DMAN and AMAN tools can 
assign pushback to the targeted departing flights and air-speed regulation or delay to arriving flights 
respectively (step 4). 

The presented mechanism proposes an extension of the coordinated AMAN/DMAN tool using 
passengers’ location information on the ground side. Hereinafter, this mechanism will be referred as 
AMAN/DMAN Ground Tool (ADGT). In this work, the airport is seen at macroscopic level. Several 
constraints on the airside must be considered to implement the ADGT. Figure 4 illustrates the airport 
model retained. 

 

Figure 4: Modelling of airport and access modes 
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On the ground side (right side of the figure), several access modes (road, train, subway) enable 
passengers to access the airport. This one is composed of several terminals. Each of them has a 
maximum aircraft capacity depending on the number of operating gates (or stands). The taxi 
network, which is referred to as ‘Taxi’ in Figure 3 connects terminals to runways and has also a 
limited capacity. This means that the number of aircraft in movement within the taxi network is 
constrained. Finally, a set of runways enables aircraft to enter into /exit from the Terminal 
Manoeuvring Area (TMA) and each runway has a maximum throughput. 

To evaluate the AMAN/DMAN Ground Tool (ADGT), the optimisation process is run for a full day of 
operations with a two-hour sliding time window. A single run is done for the entire operation day. 
However, in practice, such a mechanism would need to be run by the AOC at each passenger's status 
update. Suppose that every 30 minutes GTS shared this information with the AOC. The latter would 
forecast passenger arrival times at the gate. Then, decisions on departing and arriving flights 
operating between one hour and three hours after each passenger's status update are optimised. 

The following assumptions are made. The maximum number of aircraft during the day on each 
terminal and on the taxi network according to the initial planning are used as a proxy to set their 
respective maximum capacity. The delay that can be applied at TMA entrance is bounded between -5 
min and +15 min. The speed change allowed for arriving flights is fixed between -10% and 10%. The 
maximum push-back delay is set to +15min. A coefficient of 100 is applied for the violation of 
constraints which have been relaxed and added as a penalty term to the objective function. The 
objective function parameters (presented in Section 3.3 of D5.1) have been selected to minimise the 
number of outbound passengers stranded at the airport while avoiding passengers missing their air 
connecting flights due to the rescheduling. This means that one air connecting passenger missing its 
connection will have a higher impact on the objective function than an outbound passenger missing 
its flight. Finally, the penalty associated with the deviation from the initial schedule is fixed to a lower 
value than the ones associated with stranded passengers. These values have been arbitrarily fixed 
and can be tuned depending on the airport's characteristics or on user preferences depending on 
what objective should be prioritised. 

2.2.2 Passenger information services 

The ADGT tool proposed in the previous section is intended to reduce the number of stranded 
passengers in the case that there is a disruption on ground-side transport. It assumes that the AOC is 
aware of the passengers that might potentially miss their flights, and assumes a certain amount of 
delay for each passenger. This represents a kind of new information service in which passengers send 
their estimated arrival time (perhaps using an app on their smartphone) to the AOC (likely via an 
intermediary, such as an airline, the airport operator or a GTS).  

To test the ADGT, two methods were used. First, a purely statistical model, which simply assumed a 
distribution of arrival times in both an undisrupted and disrupted scenario, was used to generate the 
input information for the ADGT. The most basic level of information provided to the agents was the 
notification of the disruption when they arrive at the transit stop: a “no prior information” scenario. 
Once at the station, however, agents have full and complete access to the disrupted schedule, 
including the actual start and end times of the disruption and each stop and departure affected. 
Then, using the disrupted transit schedule, agents are able to consider all modes available to them 
(public transport and taxi) and choose the best mode and route for continuing their journey. This 
represents, for instance, passengers using a multimodal routing app with access to information on 
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taxi services and the transit agency’s timetables including an accurate forecast of the duration and 
extent of the disruption. The more advanced level of information provided to the agents affected by 
the disruption was a notification a few minutes after the start of the disruption, representing, for 
instance, a push notification on their smartphone via an app. The agents receiving this “push 
notification” could then immediately replan their route, which provides them with potentially more 
choices, such as taking the car (if they were still at home, had a driver’s licence and had access to a 
car), choosing a (slightly) different departure time, using a different transit  option or taking a taxi.  

Both levels of information – the “no prior information” and the “push notification” – assume that the 
routing app used by the passenger has up-to-date and complete information about all available 
modes of transportation, including taxis. This is not unrealistic: Google Maps already provides nearly 
all of the information the agents in the simulation are assumed to have (current roadway congestion, 
taxi options, transit routing including disruption information and vehicles that are affected). 
However, the assumption that the agent has access to an accurate forecast of the duration of the 
disruption is still idealistic. Depending on the nature of the disruption, the transit agency may or may 
not be able to provide such information. Plausibly and meaningfully simulating how reliable a 
forecast of a disruption is and how passenger react to such uncertainty is a very complex topic that 
would require its own, dedicated project to explore, especially with regards to quantifying and 
modelling passenger reactions to disruption information services that also provide information about 
the level of uncertainty. Thus, for this project, it was decided to work with the ideal case in which the 
agent knows the exact duration of the disruption.  

The output of these simulations includes the arrival times of the agents at the airport, which can be 
seen as an arrival time distribution, and thus the input for the ADGT. These simulations provided a 
more realistic test case for the ADGT than the statistically generated inputs, since the arrival times 
produced by the simulation were influenced by the resilience of the ground transport system as well 
as by the level of information provided to the agents and the severity of the disruption.  

2.3 Creating the baseline scenario of Madrid 

2.3.1 Geographical scope 

Given that the main purpose of the MATSim simulation model of Madrid is to represent the access 
and egress to Madrid-Barajas airport, it is desirable that the geographical scope of the model covers 
as much of the airport catchment area as possible. On the other hand, the scope of the model needs 
to be bounded in order to keep the calibration effort down to a reasonable level. 

We considered that the model should at least cover the city of Madrid, which is the main 
municipality within the airport catchment area, while extending the model beyond the Madrid region 
would make it difficult to collect detailed data on the transport network, due to the fact that the 
information on certain services managed by other regional governments is not easily available. Since 
some parts of the Madrid region are not very densely populated and could be excluded without 
substantially affecting the percentage of passengers captured by the airport, it was decided to model 
the Madrid metropolitan area (green area on Figure 5), which provides a good balance between the 
model size and the population covered by the model. According to the definition given by the Madrid 
Regional Government, the Madrid metropolitan area currently encompasses 27 municipalities, 
including the city of Madrid. 
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Figure 5: Madrid metropolitan area (green area) vs Madrid Region (purple area) 

To consider the traffic with origin or destination outside the Madrid metropolitan area, the model 
also includes a number of access/exit points associated to the traffic from/to the different external 
zones shown in Figure 6. The passengers can access/leave the study area from/to these external 
zones by three different transport modes: air, rail and road. 

 

Figure 6: External zones of the Madrid MATSim model 
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2.3.2 Temporal scope 

According to TAG Unit M1.2 (UK Department for Transport 2020), which is the UK Transport Analysis 
Guidance, surveys should typically be carried out during a ‘neutral’, or representative, month, 
avoiding main and local holiday periods, local school holidays and half terms, and other abnormal 
traffic periods. However, there can be instances where a particular period (e.g., weekends or school 
holidays) is of interest, for example in regions with relatively high levels of seasonal tourism. The 
period for the surveys should be selected with careful consideration of the purpose of the transport 
model. 

Neutral periods are defined as Mondays to Thursdays from March through to November (excluding 
August), provided adequate lighting is available, and avoiding the weeks before/after Easter, the 
Thursday before and all of the week of a bank holiday, and the school holidays. Surveys may be 
carried out outside of these days/months, ensuring that the conditions being surveyed (e.g., traffic 
flow) are representative of the transport conditions being analysed/modelled. 

Each country has it on specific holidays and seasonal patterns; in the case of Spain February and 
October are typically used as neutral months and Tuesday to Thursday are used as neutral weekdays.  

It is far more reasonable to calibrate a weekday model given that its applicability has a greater 
extent. In addition, it is sensible to calibrate a base year model which is as close as possible to the 
current date as it can better represent the ground truth. However, the COVID-19 crisis has to be 
taken into account. The pandemic brought major lockdowns and mobility restrictions which 
significantly changed mobility patterns, in particular air travel demand. Given these constraints, the 
period selected was October 2019. The data chosen for analysing trip and activity patterns from 
mobile network data to create the agents for the model was the 16th of October 2019. As it can be 
seen in Figure 7, there are no weekday festivities in this month and therefore no extra caution needs 
to be taken. 

 

Figure 7: Spain’s working calendar for October 2019 
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2.3.3 Road network 

The main Madrid region road network has been downloaded from Open Transport Map 
(http://opentransportmap.info/) and enriched with the data coming from Geofabrik 
(https://download.geofabrik.de/europe.html), which includes additional attributes for link 
categorisation. 

The analysis of the network revealed that some capacities and number of lanes in the downloaded 
shapefiles were not accurate. However, other characteristics such as “functional” and “fclass” were 
accurate and gave valuable information on the links' characteristics. Therefore, these characteristics 
have been used to group links and assign the capacity to them based on several random Google 
Maps observations. Additionally, some links, which are considered key for the simulation, were 
assigned an observed capacity rather than the observed capacity of some links in the same group.  In 
the following figure, the different link categories can be observed represented in different 
thicknesses. 

 

Figure 8: Network category representation 

The road network represents every link that can be used by a motorised vehicle in the study area. 
Additionally, the main links in the region of Madrid are kept to alleviate potential congestion by 
loading all the external demand in a single link. This is tackled by having large capacities in the 
external links, which allows the dissipation of traffic and ensures that the strategic links entering and 
exiting the study area have a reasonable flow. 
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2.3.4 Public transport system 

In order to derive the public transport schedule input, MATSim uses the open source GTFS (General 
Transit Feed Specification) data model. Table 2 summarises the differences in terminology between 
MATSim and the GTFS format. GTFS feeds can be extracted from https://transitfeeds.com/. 

Table 2: Differences and similarities between MATSim terminology and GTFS format 

MATSim term Equivalent GTFS term 

Line: a named service. Like the RER B in Paris or the 
Metroline 8 in Madrid. May have several MATSim 
Routes associated with it, that cover either all stops or 
just some of the stops of the line.  

Route: a named service. Like the RER B in Paris or 
the Metroline 8 in Madrid, it has many different 
trips associated with it. 

Route: a unique series of stops associated with a line. 
For instance, Route 1 of Line 2 may only cover stops A-
G, whereas Route 2 of Line 2 covers stops A-Z.  

There is no equivalent concept in GTFS 

List of Departures: roughly analogous to a GTFS “trip”. 
Departures are stored in lists that represent when a 
vehicle operating on a line stops at a particular stop.  

Trip: a unique series of stops representing when 
a vehicle operating on a GTFS Route travels 
between stops. Each stop has a timestamp, 
representing when that vehicle departs from 
each stop. 

Each mode of transport has a set of GTFS files: 

 agency.txt: The agency table provides information about the transit agency as such, including 
name, website and contact information. 

 calendar.txt: The calendar table defines service patterns that operate recurrently such as, for 
example, every weekday. Service patterns that do not repeat, such as for a one-time special 
event will be defined in the calendar_dates table. 

 frequencies.txt: The headway table defines the headways (time between trips) for routes with 
variable frequency of service. 

 routes.txt: The routes table identifies distinct routes. This is to be distinguished from distinct 
routings (or paths), several of which may belong to a single route. 

 shapes.txt: The shapes table defines the rules for drawing lines on a map to represent a transit 
organisation's routes. 

 stop_times.txt: The stop times table defines the dwell time in every stop, which is the 
difference between the arrival and departure times. 

 stops: The stops table defines the geographic locations of each and every actual stop or station 
in the transit system as well as, and optionally, some of the amenities associated with those 
stops. 

The GTFS data has been processed and all the public transport schedules and lines have been 
included in the public transport xml. For Madrid the following modes have been extracted to be 
incorporated to the model: 

https://www.sesarju.eu/
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 Municipal buses (buses within the city of Madrid) 

 Metro (the metro services within the city of Madrid) 

 Light-rail (tramway services within the region of Madrid) 

 Cercanías (commuter rail services within the region of Madrid)  

2.3.5 Destinations/activity locations 

The MATSim model sometimes includes facility location information. As the analysis of the facilities 
was not an object of this study, they have not been included in the model. Instead, the activities of 
the agents occur at a specific point in the space derived from the mobile network data. When it 
comes to analyse the Madrid-Barajas airport, the trip purpose “airport” allows the distinction of this 
type of activity. 

2.3.6 Creation of agents and travel diaries 

The Madrid travel diaries have been extracted using mobile phone data provided by Orange Spain as 
the main data source following the methodology described in [4]. Orange is one of the three main 
operators in Spain with its own network, with a market share of around 25% nationwide. The data 
provided by Orange can be classified into three categories: 

 Mobile phone registers: these records include: (i) CDRs (Call Detail Records), originally 
generated for billing purposes. The registers provide information on the time stamp and the 
cell to which the device is connected, each time the user interacts with the network to make a 
call, send or receive an SMS message, or use a data connection; and (ii) passive event data 
from network probes, which provide the full sequence of cells the device connects to 
throughout the day. 

 Network data: data on the network infrastructure, such as the location of the communication 
towers and the orientation of the antennas. 

 Sociodemographic data: sociodemographic information of the mobile operator's customers, 
including age and gender data 

The diaries include the following information: 

 Sociodemographic characteristics: the age and gender of the agents is normally extracted 

from the customer data provided by the mobile operator. When this information is missing 
(e.g., for prepayment customers), the machine learning model reported in D4.1 was used to 
estimate the age and gender of the mobile subscriber. Additionally, based on the agent’s 
behavioural patterns, its home location can be derived and a level of income can be assigned 
to the agent, using the average income in the corresponding census unit estimated by Spain’s 
National Statistics Institute (https://www.ine.es/experimental/atlas/exp_atlas_tab.htm). 

 Activities and trips: based on different stay times criteria, travel itineraries and behaviour 
patterns, the activities and trips performed by each user are identified. 

 Activity purpose: based on a longitudinal analysis of the activities, the purpose of each activity 
is derived.  

https://www.sesarju.eu/
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 Transport mode: for internal trips (from inside the study area to inside the study area), the 
mode was derived using the mode choice model developed in WP4 (D4.1). This model 
considers the transport supply characteristics as well as the passenger characteristics to 
estimate the transport mode chosen. For internal to external and vice versa, the transport 
mode is derived by means of map matching techniques.  

More details on this information can be found in the deliverable D4.1. 

Once the diaries were generated, a representative sample was selected. The trips under study are 
those that start or end at the study area, as they are the main source of traffic in the area. Through 
traffic, which accounts for some of the background traffic, was not taken into account.  

For computational reasons, only a sample of 10% of the population was used. The sampling process 
is the following: 

 The longitudinal activity patterns of the users in the mobile network data sample are analysed 
to identify their most probable home location at census unit level. 

 The number of inhabitants in each sociodemographic group (age, gender) in each census unit 
is compared against the number of users with the same characteristics present in the sample: 

o If the original sample size is over 10%, a random selection of diaries is made to keep 
sample size at the 10% threshold for the given sociodemographic group and census unit. 

o If the original sample size is below 10%, a random selection of agents (with their 
corresponding diaries) is duplicated until reaching the 10% threshold. 

2.3.7 Model calibration 

2.3.7.1 Calibration criteria 

The calibration of the eqasim model for Madrid has focused on both the mode allocation and the link 
demand allocation. In order to do so, the mode choice model has been calibrated and the original 
network has been processed to better represent reality.  

The original mode choice model is the logit model derived in WP4 (see deliverable D4.1), which is a 
multinomial logit model with three modes (car, pt and walk).  

Regarding the network characteristics (and specifically link capacities), the most relevant links have 
been the object of a thorough check using Google Maps data, deriving their capacity from the 
number of lanes along the entire street. 

Model calibration has been conducted at two levels: 

 Mode choice at tariff zone level and distance level. 

 Traffic flows at different locations throughout the city. 

Mode choice distribution by pair of tariff zones 

The mode shares resulting from the model have been compared on a tariff zone pair basis against 
the Madrid household survey [21]. Figure 9 represents these tariff zones.. 

https://www.sesarju.eu/
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Figure 9: Madrid’s public transport tariff zones 

As it was observed in WP4, the mode shares depend significantly on the transport supply, which 
depends on the tariff zone pair. For example, trips from tariff zone C to tariff zone C have a walking 
mode share of over 50%, whereas trips from tariff zone C to tariff zone A have a walking mode share 
of practically zero (see Table 3) 

Table 3: Mode share in Madrid depending on tariff zone 

Tariff zone pair Car share Walk share PT share 

A-A 24% 41% 36% 

A-B 57% 0% 43% 

B-A 62% 0% 38% 

B-B 44% 45% 11% 

A-C 56% 0% 44% 

B-C 80% 0% 19% 

C-C 45% 49% 6% 

C-A 60% 0% 40% 

C-B 83% 1% 16% 
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Mode choice distribution by trip distance 

Similarly, the mode shares resulting from the model for different trip distance intervals have been 
compared against the Madrid household survey [21]. As it can be seen in the following figure, the 
mode shares depend significantly on the trip distance. 

 

Figure 10: Mode share in Madrid depending on trip distance 

Traffic flows 

The flows in the MATSim model have been compared against the Madrid Council permanent traffic 
count sensors, which consist in counts of vehicular traffic along different roads/streets [22]. 
Additionally, three traffic counts in the airport vicinity have been considered, given the special 
importance of correctly modelling traffic in the surroundings of the airport. 

 

Figure 11: Madrid’s permanent traffic counts 

In this comparison the counts have been scaled according to the percentage of the population that is 
being modelled (10%). The indicators to measure this accuracy will be the ones recommended by 
WebTAG M3.1 which are GEH and flow difference. 

https://www.sesarju.eu/
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Figure 12: Calibration criteria for highway modelling [23] 

The thresholds used for this case study are less ambitious given the used simulation framework is not 
a microscopic traffic flow model: it is a mesoscopic model whose focus is on agent behaviour (mode 
choice, route choice). Traffic flow is an important driver of agent choice, but since MATSim aims to 
model the full transport system at a second-by-second, agent-by-agent resolution, it uses a 
queue-based model for simulating traffic flows to keep run-time relatively in check. This queue-based 
model is a simplified method that relies heavily on the capacity of the links. Because this case study 
was created using open-source data, these link capacities may sometimes be inaccurate, leading to 
greater deviation from the counts than what would be found from a commercially produced, 
microscopic traffic flow model using more accurate roadway capacity information. 

2.3.7.2 Calibration results 

Car availability model 

In order to avoid model overfitting, the variable “car availability” has been derived for all passengers. 
This variable determines whether the car is available to a particular passenger and therefore 
considered in the logit model. If the passenger does not have a car available, only public transport 
and walking modes will be available to the passenger. 

To derive whether the car is available or not to each passenger, a machine learning model has been 
calibrated using the Madrid household survey [21]. The used variables are the following: 

 work distance: the distance between home and work.  

 trip distance: the average trip distance of all the trips made in a day. 

 number of trips: the number of trips made in a day. 

 radius of gyration: the radius of gyration of the trips made in a day (D4.1). 

 age: the age of the passenger making the trips 

 gender: the gender of the passenger making the trips 

 residence location: the home location tariff zone 

 share: car share at the home location. 

https://www.sesarju.eu/


D6.1 IMPACT ASSESSMENT OF NEW INTERMODAL CONCEPTS AND 
PASSENGER INFORMATION SERVICES: CONCLUSIONS AND 
RECOMMENDATIONS 

 

   
 

Page I 32 
 

  
 

 

As for other machine learning models developed in the project (see D4.1), the metrics to measure 
the results are: Precision: Number of elements correctly classified with respect to the total elements 
the model predicts to the positive class (is car available); Recall: Number of elements correctly 
classified to the positive class out of the total elements that are labelled with the positive class; 
F1-score: Harmonic average of precision of recall. Using the harmonic mean avoids hindering 
underperformance from one of the two metrics (for instance, it prevents the model to score 0.5 
when the precision is 1 and recall 0). The metrics obtained for the results of this model are shown in 
Table 4. The results obtained are satisfactory, significantly outperforming a simple a statistical model 
based on weighted probabilities.  

Table 4. Results of the car availability machine learning model  

 precision recall F1-score sample 

no car available 0.43 0.49 0.46 8,303 

car available 0.91 0.89 0.90 46,941 

average 0.67 0.69 0.68 55,244 

weighted average 0.84 0.83 0.83 55,244 

Mode choice distribution by tariff zone pair 

Figure 13 shows the comparison between the resulting mode shares in the model and the observed 
mode shares in the household survey [24].  

When analysing the city centre internal trips (from zone A to zone A), a small underrepresentation of 
walking trips can be observed. The modelled walking mode share is 34%, instead of 41%. This is most 
likely due to a slight underrepresentation of short trips, as very short trips are sometimes not 
detected in mobile phone data.  

When analysing trips from the city centre to the outskirts of the city and vice versa (i.e., from zone A 
to zone B and vice versa), a small overrepresentation of walking trips can be observed. This is 
potentially due to the following reasons: people with no car availability can only make trips by public 
transport or by foot. The car ownership has been assigned considering both the passenger's 
characteristics and the location where he/she lives. However, the home location characteristics are 
assigned at a zone level and not at point level; therefore, two agents with the same characteristics 
living in the same zone would have the same probability of having a car available. However, the 
above-mentioned agents could have very different public transport accessibilities. A potential 
improvement for the future would be considering accessibility to public transport in order to 
improve the car availability model. 

https://www.sesarju.eu/
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Figure 13: Mode share in Madrid by tariff zone: calibration results 

Mode choice distribution by trip distance 

In the following figure, the comparison between the resulting mode shares in the model and the 
observed mode shares in the household survey (EDM) at a trip distance level can be observed. 

A good alignment between the different profiles can be observed, with negligible differences in trips 
longer than 2km and relatively small differences for shorter trips. 

 

Figure 14: Mode share in Madrid by trip distance as the crow flies 

Traffic flows 

When comparing the results from the model and the traffic counts, it should be taken into account 
that the model flows are represented by passengers and the traffic counts count vehicles. In order to 
be able to compare the same units, car occupancy has to be considered. In the literature [25], it has 
been found that the average number of people per car in the study area is 1.35. Considering this 
conversion from person-trips to vehicle-trips, the resulting GEH and flow criteria results can be 
observed in the following tables: 
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Table 5. Percentage of traffic counts by GEH 

GEH values Percentage (%) 

< 5 29% 

5-10 30% 

10-20 35% 

>20 6% 

Table 6. Percentage of traffic counts by flow criteria 

Meets the flow criteria Percentage (%) 

True 77% 

False 23% 

 
In Table 5 we can see that only 59% present a GEH below 10 and 77% of them meet the flow criteria 
in both cases we are under the 85% lower threshold to consider a model as fully calibrated. However, 
as discussed in Section 2.3.7.1, relaxing the traffic count criteria should not have a significant impact 
on the conclusions of the study since, rather than being interested on vehicles microsimulation, we 
are interested in traveller’s behavioural aspects leading to qualitative changes in modal share. In light 
of the good match obtained for the observed and simulated modal share, we can consider this 
calibrated MATSim model as a valid sandbox for our case study.  

2.4 Creating the baseline scenario of Île de France 

The methodology to create the Ile de France baseline scenario is published in [6][7] and documented 
at https://github.com/eqasim-org/ile-de-france. Figure 15 shows the used datasets and the process. 
Table 7 contains the information on the data sources and year in which they were collected. Here 
only the overview is provided and where necessary specific things to the project are highlighted. 

https://www.sesarju.eu/
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Figure 15: General setup of the synthesis pipeline. 

Table 7: Data Sources Used for the Ile de France MATSim Baseline Scenario 

Source Name: Filename Year Content Source 

Recensement de la population (RP): 
FD_INDCVIZA_2015.dbf 

2015 Census data containing 
socio-demographic 
information 

https://www.insee.fr/fr/statistiqu
es/3625223  

Mobilités professionnelles des 
individus : déplacements commune 
de résidence / commune de travail : 
FD_MOBPRO_2015.dbf 

2015 Origin-destination data 
(commutes) for work 

https://www.insee.fr/fr/statistiqu
es/3566008  

Mobilités professionnelles des 
individus : déplacements commune 
de résidence / commune de 
scolarisation : 
FD_MOBSCO_2015.dbf 

2015 Origin-destination data 
(commutes) for 
education 

https://www.insee.fr/fr/statistiqu
es/3565982  

https://www.sesarju.eu/
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Source Name: Filename Year Content Source 

Recensement de la population - 
Base infracommunale : 
base-ic-evol-struct-pop-2015.xls 

2015 Aggregated population 
totals for France hors 
Mayotte (Mainland 
France) 

https://www.insee.fr/fr/statistiqu
es/3627376  

Fichier Localisé Social et Fiscal 
(FiLoSoFi): indic-struct-distrib-
revenu-2015-COMMUNES.zip 

2015 Income Tax Data 
 

https://www.insee.fr/fr/statistiqu
es/3560118  

 Fichier Localisé Social et 
Fiscal(FiLoSoFi): indic-struct-distrib-
revenu-2015-REG.zip 

2015 Income Tax Data https://www.insee.fr/fr/statistiqu
es/3560118   

Base permante des équipements: 
bpe19_ensemble_xy.dbf 

2019 Service and facility 
census 

https://www.insee.fr/fr/statistiqu
es/3568638  

Base permante des équipements: 
varmod_bpe19_ensemble_xy.dbf 

2019 Service and facility 
census 

https://www.insee.fr/fr/statistiqu
es/3568638  

Enquête nationale transports et 
déplacements (ENTD): 
Q_tcm_menage_0.csv  

2008 Sociodemographic 
data, household 

https://www.statistiques.develop
pement-durable.gouv.fr/enquete-
nationale-transports-et-
deplacements-entd-2008  

Enquête nationale transports et 
déplacements: 
Q_tcm_individu.csv 

2008 Sociodemographic 
data, individual 

https://www.statistiques.develop
pement-durable.gouv.fr/enquete-
nationale-transports-et-
deplacements-entd-2008  

Enquête nationale transports et 
déplacements (ENTD): 
Q_menage.csv  

2008 Data on vehicle 
availability, home and 
work locations  for the 
household 

https://www.statistiques.develop
pement-durable.gouv.fr/enquete-
nationale-transports-et-
deplacements-entd-2008  

Enquête nationale transports et 
déplacements (ENTD): 
Q_individu.csv  

2008 Data on home-work, 
home-education trips 

https://www.statistiques.develop
pement-durable.gouv.fr/enquete-
nationale-transports-et-
deplacements-entd-2008  

Enquête nationale transports et 
déplacements (ENTD): 
Q_ind_lieu_teg.csv 

2008 “Forced mobility” and 
commuting data, 
individual 

https://www.statistiques.develop
pement-durable.gouv.fr/enquete-
nationale-transports-et-
deplacements-entd-2008  

Enquête nationale transports et 
déplacements(ENTD): 
K_deploc.csv 

2008 Activity Chains related 
to local, daily mobility 

https://www.statistiques.develop
pement-durable.gouv.fr/enquete-
nationale-transports-et-
deplacements-entd-2008  

Contours…Iris® édition 2017: 
The files contained within the 
directory: CONTOURS-IRIS_2-
1_SHP_LAMB93_FXX-2017 

2017 The IRIS zoning system https://geoservices.ign.fr/contour
siris 
Available for download at: 
https://drive.google.com/file/d/1l
v3LkxZMJj_W0pqZ2rOl6oepZ4ogt
kbh/view?usp=sharing  
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Source Name: Filename Year Content Source 

Découpage infracommunal 
Table d'appartenance 
géographique des IRIS: 
reference_IRIS_geo2017.xls 

2017 Cross-index of different 
administrative zoning 
schemes 

https://www.insee.fr/fr/informati
on/2017499  

Système national 
d’identification et du répertoire des 
entreprises et de leurs 
établissements (SIRENE): 
StockEtablissement_utf8.zip 

06/20
21 

Enterprise census data https://www.data.gouv.fr/fr/data
sets/base-sirene-des-entreprises-
et-de-leurs-etablissements-siren-
siret/  

Système national 
d’identification et du répertoire des 
entreprises et de leurs 
établissements (SIRENE): 
StockUniteLegale_utf8.zip 

06/20
22 

Enterprise census data https://www.data.gouv.fr/fr/data
sets/base-sirene-des-entreprises-
et-de-leurs-etablissements-siren-
siret/  

BD-TOPO: 
The files contained within the 
“ADRESSES” directory of the Région 
Île-de-France - R 11 database.  

03/20
21 

Addresses in Ile de 
France 

https://geoservices.ign.fr/bdtopo  

 

2.4.1 Geographical scope 

The MATSim scenario of the Ile de France region in France encompasses eight “departments” and 
twenty municipalities that comprise the Ile de France administrative region (depicted in Figure 
16)Figure 16: Geographical scope. Based on the 2015 French census, in 2015 it contained a total of 
11.7 million people, which we used to generate the synthetic population. 

 

Figure 16: Geographical scope of the Ile de France model 
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2.4.2 Temporal scope 

The mobility behaviour data upon which the MATSim scenario of Ile de France is based is a 
household travel survey, namely the ‘Enquête nationale transports et déplacements’ (ENTD) [8]. The 
ENTD contains travel diaries for all days of the week. In the generation of the synthetic population 
from this household travel survey as well as other data sets specified later in this section, such as tax 
data, all recorded weekdays were used. The survey was performed over many months, sampling days 
from over the entire year. Thus, in order to obtain a large, diverse sample of individual days, all data 
from weekdays was included. Thus, unlike the Madrid scenario, which is based upon tracking data 
and looked at a specific day, the Ile de France scenario contains daily activity chains from many 
different weekdays over the course of a year, which have been used to synthesise one, typical 
weekday. 

2.4.3 Road network 

The road network of Ile de France was obtained by converting an OSM network using the pt2matsim 
open-source tool (https://github.com/matsim-org/pt2matsim) that is widely used to create MATSim 
network and transit schedule files. The OSM network is obtained from www.geofabrik.de, a website 
that stores ready-to-download copies of OSM datasets.  The converted network contains 314,074 
nodes and 650,703 links. The total length of roads is around 81,000 km. 

2.4.4 Public transport system 

Public transport schedules are obtained from General Transit Feed Specification (GTFS) files from the 
week of June 24th, 2021, from https://data.iledefrance-mobilites.fr/explore/dataset/offre-horaires-
tc-gtfs-idfm/export/. The Pt2matsim tool is once again used to convert the GTFS schedule into the 
MATSim readable transit schedule files. The converted transit schedules contain all public transport 
stops and their coordinate location, public transport lines, and each line can contain multiple transit 
routes. Each route has a defined sequence of transit stops, departure times from the first stop, and 
arrival time at each stop. However, at this stage the transit schedule does not contain information 
about the road links buses or trams should use. This is performed in the following step where 
pt2matsim matches the transit schedule to the road network. Thus, ensuring that the buses and 
where applicable trams share the road network with other users. Finally, we obtain two files: 
transit_schedule.xml and transit_vehicles.xml that can be used in MATSim to simulate public 
transport services. The generated transit schedule has in total 1886 transit lines, 49,745 transit 
routes, and 48,878 transit stops. There are in total 142,935 transit vehicles, including bus, tram, 
railway, subway and funicular. During the matching of transit schedules to the road network, some 
transit routes cannot be matched to the OSM network. This is often the case for railway routes. 
When this happens, an artificial link is created and added to the network. In total there are 3624 
artificial links. 

2.4.5 Destinations/activity locations 

Synthetic households, their members and applicable sociodemographics are created based on the 
French census data provided by INSEE. This dataset is an anonymised 30% weighted sample of the 
French population. Using the weights, the sample is expended and then distributed in their 
corresponding zones based on the addresses database. The income is assigned to each household 
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based on the tax data distribution provided by the FiLoSoFi dataset. Finally, the synthetic population 
contains the following attributes: 

 On a household level: household id, household income, household size, number of owned cars, 
household weight 

 On an individual level: person id, age, gender, employment (yes/no), socio-professional 
category, on-going education (yes/no) 

We then use statistical matching procedures to assign activity chains sampled from the household 
travel survey to synthetic individuals. The matching ensures that the sampled activity chain comes 
from an individual with similar sociodemographic characteristics. After the matching procedure, each 
synthetic individual contains an activity chain characterised by the activity type and duration. 
Furthermore, the information about the drivers’ licence and public transport subscription is 
transferred to the synthetic individual from the matched individual from the travel survey. 

The generated activity patterns of the Ile de France population have in total 4.14 million shopping, 
4.55 million leisure, 5.37 million work, 2.96 million education, and 4.03 million “other” activities. 

2.4.6 Creation of agents and travel diaries 

The final step in the population synthesis pipeline is the assignment of the activity locations. This is 
performed in two stages: primary activity locations and secondary activity location assignment.  

Primary activities are education and work. The work and education location for individuals is 
assigned using commuting OD matrices. The methodology used ensures that distance to work and 
school/university is consistent with the commuting distance of the activity chain attached to the 
synthetic individual. In this way we aim to keep some of the correlation that exists between 
commuting distance and activity chains. 

Secondary activities are leisure, shopping and other. The final step in the pipeline utilises the 
algorithm designed by Hörl & Axhausen [11] to attach the coordinate location to all secondary 
activities. The approach utilises the information from the travel survey to ensure that individuals 
follow the distance to activities distribution as observed in the survey. 

2.4.7 Model calibration 

To allow agents to make transportation mode choices we use a discrete mode choice extension of 
MATSim [12] paired with the MATSim mobility simulation within the framework called eqasim [13]. 
To estimate a mode-choice model based on the travel survey one needs to be able to construct 
unchosen alternatives for each trip. However, due to the level of anonymisation of the travel survey 
that we had available this was not possible. Therefore, the mode-choice model for Zurich, 
Switzerland [14] was used and calibrated to fit the Ile de France region. The documentation of the 
approach can be found in [15]. 
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2.4.8 Model validation 

The synthetic population is validated using various metrics and was shown to fit well the observed 
data [6]. The synthetic population and the transportation supply data is then used as an input to the 
MATSim mobility simulation. 

The MATSim simulation model was validated using the cumulative mode-share by distance and 
mode-share distribution by time of the day, as shown in Figure 17 and Figure 18 respectively. 

 

Figure 17: Cumulative mode-share by distance (dashed - observed, solid - MATSim) 

 

 

Figure 18: Mode-share per time of day (dashed - observed, solid - MATSim) 
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2.5 Methodological differences between the models of Madrid and 
Île de France 

The main methodological difference between both models is how the plans have been created in 
each scenario. As explained in section 2.3.6, the Madrid scenario’s agents’ plans - the activity chains 
and the locations of these activities - are derived from mobile phone records. The sociodemographic 
data of the agents is limited to age, gender, income and vehicle availability; the first two attributes 
are associated directly with the mobile phone records, while the other two were inferred with the 
methodology for passenger profiling developed in this project..  The mobility choices of these agents 
were represented by a mode choice model estimated in WP4, also based in large part on mobile 
phone records. The resulting MATSim model was calibrated against HTS data and traffic counts, as 
explained in section 2.3.7.  

In contrast, the Ile de France scenario was generated using various forms of statistical matching, 
making use of a large collection of data to provide a synthetic population with detailed 
sociodemographic data (including employment status and profession, as well as car ownership, 
transit pass ownership, etc.) and activity chains. The locations of activities were assigned using a type 
of gravity model that ensures the overall distance travelled by an agent during a day is preserved. 
This gravity model considers activity type and the locations within the study area that can be used to 
perform such an activity. Thus, the agents and their movements are entirely synthetic instead of 
directly observed trips, like in the Madrid case. The initial mobility patterns of the agents (such as 
their mode choice) are already assigned to the agents during their generation. Similarly to the 
Madrid model, the Ile de France model was calibrated against the HTS modal split, and the OD flows 
were calibrated against available open-source data (see Table 7).  

These differences are highlighted again to emphasise that the two different models use very 
different techniques. The Ile de France approach is open source and reproducible, a distinct 
advantage for research and development. However, the Madrid approach may be easier for many 
cities around the world to implement, since it requires far fewer datasets that only exist where the 
governments maintain a large and detailed set of statistics on their population. One drawback of the 
Madrid method would be the relative sparsity of the sociodemographic attributes of the agents. 
More detailed analyses on the effect of sociodemographic characteristics, in particular employment 
status and professional category, are not possible, whereas they are possible with the Ile de France 
model. However, since the three attributes included in the Madrid model are generally 
acknowledged to be three of the most influential attributes on mobility behaviour, this is likely not 
much of a drawback in most cases. 

On the other hand, in contrast with the advantages in terms of rich sociodemographic information 
encountered in the synthetic population obtained from surveys and open data, they present a 
disadvantage when compared with that obtained from mobile phone records for the study of 
long-distance multimodal trips: travel surveys are mainly focused in daily mobility, which as 
discussed in D5.1 have a different nature than long-distance trips. In most of these surveys is difficult 
to encounter trips related with the airport (or train) access or egress leg of a long-distance trips and 
hence extract the relevant patterns to be modelled.  
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2.6 Description of the case studies 

A disruption is a sudden problem that interrupts a process. In transport, a disruption reduces the 
nominal capacity or even brings it to zero. Having real-time information on this disruption would 
allow passengers to rethink their decisions and transport operators to provide better service under 
these circumstances. If there is a disruption in urban transport, such as a strike, this will affect the 
accessibility of the airport. Better synchronisation between ground transport operators and air 
transport operators may alleviate the effects of such phenomena. Similarly, a disruption in the air 
side of the trip may complicate the egress/access leg from/to the airport. If the ground transport 
services could adapt their supply to the disruption effects, the passenger would suffer less the 
impacts of such disruptions. The analyses in the case studies encompass three scenarios: 

 Baseline. This scenario corresponds to the current state of the network.  

 A disruption on the ground transport side with capacity reductions and passenger delays has 
been tested, evaluating its impact on the accessibility of the airport and the resilience of the 
door-to-door journey. This scenario is the “no prior information” scenario, in which none of 
the agents affected by the disruption receive a notification about the disruption. 

 Finally, the proposed mitigation schemes have been included in the model, in order to 
evaluate their ability to alleviate the impact of the disruption. This scenario is the “prior 
information” scenario, in which a certain percentage of the agents affected by the disruption 
receive a notification about the disruption a few minutes after the disruption starts. 

2.6.1 Description of the Madrid case study 

2.6.1.1  Airport and flight set characteristics 

Madrid airport (MAD) is the largest Spanish airport and the hub of Iberia. It is composed by five 
terminals: T1, T2, T3, T4 and T4S. The first three terminals can be gathered into one ‘meta’ terminal 
while T4 and T4s are physically separated from the first terminals. An underground shuttle service 
enables passengers to connect between these two terminals. Illustrations of airside configuration for 
terminals 1-2-3 and T4-T4S are displayed in Figure 19 and Figure 20 respectively.  

This airport is composed of four runways, two dedicated to take offs (14L, 14R) and two for landings 
(18L, 18R). 
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Figure 19: Jeppesen chart of Terminals 1-2-3 of Madrid Barajas airport 

 

Figure 20: Jeppesen chart of Terminals 4-4s of Madrid Barajas airport 
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2.6.1.2  Modelling ground transport access passengers 

The Madrid-Barajas airport is served by metro line 8 (see Figure 21). This service is the public 
transport option with higher capacity for passenger access and egress. It connects the city centre and 
the business area with the airport. The MATSim Madrid case study focuses on the analysis of the 
impacts of disruptions in this metro line and how passenger information services may mitigate these 
impacts. There are some examples of previous unplanned disruptions in the line (e.g., March 2022, 
https://zonaretiro.com/transporte/linea-8-metro-madrid-9-marzo-2022/; and March 2010, 
https://www.elmundo.es/elmundo/2010/03/09/madrid/1268122578.html). 

 

Figure 21: Google maps screenshot of metro line 8 (Madrid) 

The disruption analysed is defined by a time interval where the metro line is not available for trips 
to/from the airport. The start time of the interval is set to be 10 am and the end time of the interval 
is set to be 1 pm, so the line is unavailable for 3 hours. 

The modelling of airport access and egress was conducted using the calibrated MATSim model for 
the catchment area of Madrid-Barajas airport explained in Section 2.3. The analysis is made at access 
and egress leg level and is not connected to the flight schedules of the airport. The disruption 
scenario was simulated by removing the metro link from the model during the defined time interval. 

2.6.1.3 Modelling air-connecting passengers 

Air-connecting passengers need to be considered during the design of the new flight schedule. 
However, information on connecting flights is generally airlines’ property and was not accessible for 
this study. Thus, we developed a methodology to simulate air-connecting passengers.  

Consider a departure flight f. Flights arriving between 45 to 240 minutes before the departure time 
of f are qualified as potential connecting flights. Connecting passengers are dispatched among these 
potential connecting flights. A minimum transfer time is been set between each pair of terminals. 
These values consider information available on Madrid airport website providing minimum transit 
time between terminals (https://www.aeropuertomadrid-barajas.com/transportation/connections-
between-terminals.htm). However, these values do not consider closing boarding time, time spent to 
find the gate, waiting time for the automatic underground, etc. Thus, we add to the minimum transit 

Table 8time a fixed buffer time of 20 min.  summarises these minimum transfer times. 
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Table 8: Minimum transit walking time between MAD terminals (in minutes) 

 Terminal 1-2-3 Terminal 4 Terminal 4S 

Terminal 1-2-3 24 35 38 

Terminal 4 35 20 23 

Terminal 4S 38 23 20 

2.6.2 Description of the Ile de France case study 

The focus of the Ile de France case study is to test the performance of the ADGT. As such, this section 
focuses on the key aspects of the case study with regards to this goal.  

Two different approaches to testing the ADGT were taken. First, using the outputs of a MATSim 
simulation of Ile de France under both normal, undisrupted conditions, and in a scenario in which the 
RER B, a local rail service that runs from the centre of Paris to the CDG airport, is disrupted for either 
2 or 4 hours in the middle of the day. Second, generating distributions of delay with a statistical 
model, and using these passenger delay distributions as input for the ADGT tool. The results of both 
tests are presented in Section 2.7. 

2.6.2.1 Airport and flight set characteristics 

CDG airport is the largest French airport. An illustration of CDG configuration is proposed in Figure 
22. This airport is composed of three terminals and four parallel runways (two for landings (26L, 27R) 
and two for take-offs (26R,27L)).  

A nominal day at CDG is considered thanks to historical data provided by CDG airport in February 
2016.  For this day, 1232 flights were operated. For each aircraft, the requested time of arrival, the 
TMA entry point, the initial runway, the landing time, the in-block time, the turnaround time, the off-
block time and the departure time are known. 
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Figure 22: Jeppesen chart of CDG airport. 

2.6.2.2 Modelling ground transport access passengers 

MATSim 

As described in Section 2.4, the baseline scenario for Ile de France represents a typical weekday. In 
addition to the agents created in the scenario generation process described in Section 2.4.5 and 
2.4.6, a set of agents travelling to the airport and associated with specific flights was created, based 
upon a schedule provided by CDG Airport. These “airport agents” have only two activities: “home” 
and “leisure”. Their characteristics (age, gender, employment, car ownership, etc.) and home 
location is derived from the synthetic population as a whole: a random sample of this population is 
taken as a basis for creating the airport agents. The “leisure” activity is the activity they perform at 
the airport: in this case, boarding or disembarking from a flight. The generation of these agents takes 
into consideration the seats available on each flight, and does not assign more agents to a flight than 
the available seats in that flight. This addition of specific airport agents was necessary for the Ile de 
France scenario because there were very few agents travelling to the airport in the synthetic 
population generated, because this population was based upon an HTS asking about daily, local 
travel, and such travel generally does not include trips to the airport. Since the focus of these case 
studies was precisely on agents travelling to the airport, it was necessary to make sure a large and 
fairly diverse set of agents was doing so. The simulations whose results are presented in this report 
are using both 1% and 25% sample of the population.  

The benefit of using MATSim to provide passenger delay in case of disruptions, despite the 
computational expense, is the ability of the model to simulate the interactions of the agents with the 
network and the available information, thus potentially revealing insights not just about the ADGT, 
but also the resilience of the tested ground transport network and the effects of giving passengers 
advanced information on disruptions. 
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Statistical modelling 

Description of the statistically passenger arrival modelling  

The statistical approach to generate passengers’ delay’s distributions allowed us the simulation of 
100% of the passengers. The work flow of the simulation exercise was taken from [26]. In the next 
sections, the modelling of passenger arrival times at the gate in nominal condition is introduced; 
then, methodologies to allocate passengers to the different airport access modes and to simulate air-
connecting passengers are introduced; finally, the modelling of ground transportation disruptions is 
presented. 

Inferring passenger arrival time at the gate 

The passenger arrival process at the airport for this study has been calibrated thanks to two datasets 
provided by CDG airport. The first data set is composed of passenger timestamps during the month 
of December 2019.  An illustration of one row of this dataset is shown in Figure 23. 

 

Figure 23: Example of one row of the traffic dataset RECUPERER VOL ASSOCIE PAX SCAN DATASET 

For each flight, the volume of passengers tracked at the security screening exit every ten minute 
interval is known. This dataset has been coupled with another one related to flights operated at CDG 
airport in December 2019. An example of one row of this data set is provided in Figure 24. 

 

Figure 24: Example of one row of the passenger scan dataset 
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Thanks to this second dataset, the scheduled departure time and the number of passengers carried 
for each departure flight is known. Both datasets have been coupled to infer the buffer time between 
passenger arrival times at security screening locations and the scheduled departure time for each 
flight. This information is valuable to infer passenger arrival time distribution at security screening 
exit for each flight. These distributions are aggregated for all flights operated during December 2019. 
Results are displayed in Figure 25. 

 

Figure 25: Distribution of passenger arrival time at security screening exit in December 2019. An 
exponentially modified distribution (red curve) has been fitted to the data 

According to Figure 25, most passengers exit the security screening system 80 minutes before their 
flight. An Exponentially Modified Gaussian (EMG) distribution has been fitted with the data through 
the maximum likelihood method. Further details on the choice of this probability distribution to 
model passenger arrival process can be found in [27]. This distribution is well fitted with the data and 
will be used to simulate passenger arrival times in nominal conditions (i.e., without an airport access 
mode disruption). The transfer time between security screening exit and the gate is arbitrarily fixed 
to ten minutes. This value can be tuned based on airport characteristics. 

Depending on the ground transportation mode used to access the airport, the passenger arrival time 
distribution at the gate can differ. For instance, passengers arriving by car can be modelled as a 
continuous flow. The passenger arrival flow from the RER-B can also be approximated by a 
continuous flow given its high frequency (one every six minutes at CDG airport) and since airport 
processing time can differ between passengers. Thus, the EMG distribution can be used to model 
passenger arrival from road and RER-B. However, this distribution is not suitable to model passengers 
arriving from long-distance trains due to its lower frequency. Thus, a normal distribution with a small 
standard deviation is used to model passenger arrivals from this transportation mode. The greater 
the standard deviation, the greater the dissimilarity in arriving times. 
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Ground access modal share 

This work takes advantage of a 2015 passenger survey at CDG conducted by the Direction Générale 
de l’Aviation Civile (DGAC). Modal shares of the transport mode used to access the airport are 
provided by this survey and are summarised in Figure 26. Continuous uniform distributions centred 
on these shares are used to assign one airport access mode to each passenger. 

 

Figure 26: Modal split in the access CDG airport (source: DGAC 2015 passenger survey). 

2.6.2.3 Modelling air-connecting passengers 

Air-connecting passengers need to be considered during the design of the new flight schedule. 
However, information on connecting flights is generally airlines' properties and was not accessible for 
this study. Thus, we develop a methodology to simulate air-connecting passengers.  

Consider a departure flight f. Flights arriving between 45 to 240 minutes before the departure time 
of f are qualified as potential connecting flights. Connecting passengers (which are around 37% 
according to the DGAC 2015 survey) are dispatched among these potential connecting flights. Also, a 
minimum transit walking time has been arbitrarily set between each pair of terminals. Table 9 
summarises these transit times for three terminals at CDG. 

Table 9: Minimum transit walking time between CDG terminals (in minutes). 

 

2.6.2.4 Modelling disruptions in ground transportation access 

Disrupted scenarios simulated with MATSim 

The disruption simulated in the Ile de France scenario is a disruption on the rail line “RER B”, which 
runs from the centre of Paris to the Terminals 2 and 3 of CDG. The disruption of this rail line involves 
all trains whose initial departure from their initial station would be between the start and end times 
of the disruption, and cancels all of these trains. Thus, the disruption starts at the ends of the RER B 
line (whose code is 810:B in the GTFS files), and percolates down the line. This also means that the 
disruption lasts longer than the time specified in the table by the same amount of time it would take 
one RER B train to traverse its entire route. 

Three different disruption durations were tested, in order to test the resilience of the system and 
also to provide the ADGT tool with different scenarios to test its mitigation capabilities. In addition, 
for each of the disruptions, three different “prior information penetration rates” were tested: one in 
which 75% of affected agents receive a “push notification” 5 minutes after the disruption starts and 
are allowed to replan, and one with only 25% and one in which 0% receive the push notification. 
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Table 10. Disrupted scenarios simulated with MATSim 

Scenario # Duration of Disruption to 
the RER B (GTFS Line 810:B) 

% of affected agents given a push 
notification 5 minutes after the 

start of the disruption 

S1 14:00 - 16:00 75 

S2 14:00 - 16:00 25 

S3 14:00 - 16:00 0 

S4 10:00 - 16:00 75 

S5 10:00 - 16:00 25 

S6 10:00 - 16:00 0 

S7 10:00 - 18:00 75 

S8 10:00 - 18:00 25 

S9 10:00 - 18:00 0 

Before the simulations are run, it is unknown how large the delay of the agents travelling to the 
airport will be due to the simulated disruption, as this is one of the outputs of the simulation. It is 
also unknown what the impact of the giving agent’s prior information will be, which is also an output 
of the simulation. 

Disrupted scenarios using a statistical simulation 

A first naïve method to model the impact of a ground disruption on passengers is to shift their arrival 
time by a certain time. This time can be arbitrarily chosen depending on the level of the disruption. 
For instance, if a disruption on the RER-B occurs, passengers who had initially planned to take this 
mode would be delayed by a certain amount of time. Actually, access mode shares are likely to 
change when a disruption occurs on one mode. Indeed, passengers who had planned to use RER-B 
and that are aware of a disruption may change their plan and take a taxi to reach the airport. 
However, such changes would also induce a delay for passengers due to the additional transfer time. 
Thus, we assume that all passengers who had planned to take the disrupted access mode would be 
delayed. Depending on which mode undergoes a disruption, the shape of the passenger arrival time 
distribution may also be impacted. For example, if the RER-B is stopped for a certain time, this mode 
is likely to be crowded when it resumes due to an accumulation of passengers during the breakdown, 
which translates into a reduction in the standard deviation of passenger arrival time distribution for 
this mode. This parameter is arbitrarily divided by two during a RER-B disruption. If the disruption 
occurs on the road or the train access mode, the shape of the distribution is assumed to be similar to 
the nominal one, only shifted by a certain time. 

Figure 27 and Figure 28 present the cumulated passenger arrival distribution of one flight in the 
baseline and in one disruptive scenario respectively. 
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Figure 27: Cumulated passenger gate arrival distribution for one flight in the baseline scenario 

 

Figure 28: Cumulated passenger gate arrival distribution for one flight in one disruptive scenario 
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In the baseline scenario, almost all passengers arrive before the boarding closure of their flight. 
However, in the disruptive scenario simulating a RER-B shutdown, the pink curve is shifted to the 
right and its standard deviation is reduced. Thus, in this scenario a high share of passengers who 
were supposed to take the RER-B to access the airport will miss their flight with the initial schedule.  

This modelling is quite simple since all passengers will not react to the disruption in the same 
manner. However, the coordination mechanism would also work with a better modelling of the 
mode disruption impact, for instance with a MATSim simulation with WDR (but with a smaller sample 
size, requiring the results to be scaled up for use in other analyses). 

Finally, to model the disruption, a set of flights between a starting and an ending hour will have their 
passengers delayed.  

The disruption that is modelled in both the Ile de France case study and the statistically modelled 
scenario is a disruption on the RER B (subway). In the statistically modelled scenario, this has been 
implemented such that passengers of departure flights scheduled between 10 AM and 4 PM are 
impacted. In the statistically modelled scenario, this disruption delays passenger arrival times by 45 
minutes on average and reduces the standard deviation of the passenger arrival distribution by 2. 

Other disruptions are proposed in order to measure the efficiency of the coordination mechanism 
depending on the disruption intensity. Figure 29 presents the different scenarios simulated using the 
statistical model. 

 

Figure 29: Presentation disruptive scenarios modelled statistically 

The scenario s0 corresponds to the main case study while the other ones correspond to other 
disruptions with different intensity levels, whether increasing the average delay of passengers who 
suffer from the disruption or the duration of the disruption. 
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2.7 Results 

2.7.1 Results of the Madrid case study 

First, the baseline statistics that can be extracted from the model about airport access and egress 
and the role of the metro line to be affected by the disruptions are described. Then, the effects of 
the disruption in terms of travel time and route choice indicators are presented. Finally, the results of 
the ADGT tool are presented. 

2.7.1.1 Baseline 

In the following tables, the average travel times in minutes of passengers accessing the airport or 
egressing from the airport as well as their variability resulting from the MATSim model can be 
observed. It can be observed that public transport (PT) trips have higher and more dispersed travel 
times. 

Table 11. Average travel time (min) 

 Car PT Weighted average 

Access 14,6 70,6 49,5 

Egress 15,0 66,4 47,01 

Table 12. Travel time standard deviation (min) 

 Car PT Total 

Access 12,4 27,6 35,6 

Egress 8,9 26,5 32,7 

Figure 30 illustrates the overall travel time distribution for the airport egress, while the Figure 31 and 
Figure 32 show the car and public transport travel time distribution respectively. 

 

Figure 30. Overall travel time distribution (airport egress) 
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Figure 31. Car travel time distribution (airport egress) 

 

 

Figure 32. Public transport travel time distribution (airport egress) 

In the following table the number of passengers using the different access modes can be observed. In 
the table, car includes taxi and PT is disaggregated into metro (L8), rail (C1 and C10) and other public 
transport services. 

Table 13. Number of passengers using each access mode obtained in the MATSim simulation  

 Car Metro (L8) Rail (C1, C10) Other PT (buses) 

Access 18,430 24,360 6,770 5,570 

Egress 19,590 21,300 4,860 10,540 
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2.7.1.2 Disruption in the metro line connecting with Madrid-Barajas airport 

Table 14 presents the average travel time of accessing/egressing to/from the airport when the 
disruption takes place. As observed, the travel time for public transport increases. As the disruption 
lasts three hour and the results are aggregated for the whole day, the variation is small. The standard 
deviation is presented in the Table 15. 

Table 14. Average travel time (min) for the disruption scenario 

 Car PT Overall 

Access 14,6 ( = ) 71,7 (+1.5%) 50,0 (+1.0%) 

Egress 14,9 (-0.6%) 66,5 (+0.15%) 46,6 (-0.9%) 

Table 15. Travel time standard deviation (min) for the disruption scenario 

 Car PT Overall 

Access 13,1 28,1 36,3 

Egress 8,5 26,1 32,6 

A slight increase in travel time for public transport is observed in Table 14. In order to notice the 
disruption effect, an analysis of the agents affected by the disruption is performed. Table 16 
illustrates the change in travel time of the passengers affected by the disruption. The travel time of 
the passengers that change the route increases by almost 10 minutes, while the travel time of the 
agents that change the mode, from public transport to car, is reduced. 

Consequently, passengers affected by the disruption that continue to use public transport will arrive 
at the airport 10 minutes later than expected. This may cause passengers to miss flights and reduce 
the buffer time for absorbing the impacts of other disruptions affecting other airport services or 
unexpected individual delays in the boarding process. 

Table 16. Travel time (min) of the agents affected by the disruption 

 Agents that change the route Agents that change the mode 

 Baseline With the disruption Baseline With the disruption 

Access 66.6 75.7 73.2 14.0 

Egress 72.2 81.5 74.3 12.7 

In Table 17 the number of passengers using the different access modes can be observed. The 
percentage variation with respect to the baseline is presented in the Table 18. We can see an 
increment on the car modal share due to people changing from metro to taxi. The higher relative 
increment is observed for buses although in absolute terms this does not represent a large demand. 
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Table 17. Number of passengers using each line with the disruption 

 Car Metro (L8) Rail (C1, C10) Other PT (buses) 

Access 18,630 22,410 7,220 6,630 

Egress 20,040 19,340 5,560 11,360 

Table 18. Passenger difference between X and Y for each line in percentage 

 Car Metro (L8) Rail (C1, C10) Other PT (buses) 

Access 1.1% -8.0% 6.6% 19.0% 

Egress 2.3% -9.2% 14.4% 7.8% 

2.7.1.3 Results of the ADGT tool 

The ADGT tool is launched to optimise the flight schedule and minimise the number of stranded 
passengers during airport access mode disruption. Results are summarised in Table 19. 

Table 19: Results obtained after flight rescheduling on MAD scenario 

Number of agents stranded at the airport* (before optimisation) 281 

Number of agents stranded at the airport* (after optimisation) 193 

Reduction rate (%) 31% 

Total deviation applied to arrival flight set (min) 79 

Average deviation applied to arrival flight set (min) 0.1 

Total delay applied to departure flight set (min) 593 

Average delay applied to departure flight set (min) 1.3 

* Estimated by taking 40 min as the minimum required processing time at the departure airport. This buffer 
time corresponds to the difference between the check-in closure time and the departure flight time. (Source: 
https://wwws.airfrance.fr/information/aeroport/quand-arriver#fin-enregistrement) 

The new flight schedule enables a reduction in the number of stranded passengers of 31% with an 
average delay applied to departure flights around 1.3 min and a deviation to arrival flights of around 
0.1 min. The runway throughputs with the initial and the optimal schedules are displayed in Figure 
33. One can observe that the new planning satisfies these maximum throughputs. Figure 34 presents 
terminals occupancy during the day before and after optimisation. New occupancy levels of the 
optimised planning are satisfying the maximum occupancy constraints. 

These results suggest that during an airport access mode disruption, moderate changes on the flight 
schedule could lead to a new flight schedule satisfying airport constraints and leading to a high 
improvement on door-to-door reliability for passengers.  
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Figure 33: Evolution of runways throughputs before and after optimisation for MAD scenario. Maximum 
throughputs are represented through dotted red lines. Blue and orange curves represent throughput levels 

before and after optimisation respectively 

 

Figure 34: Evolution of terminals and taxi network occupancies before and after optimisation for MAD 
scenario. Maximum hourly capacities are represented through dotted red lines. Blue curves represent 

congestion levels before optimisation while orange ones after optimisation 
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2.7.2 Results of the Île de France case study 

First, the general results of MATSim simulations are shown. Then, we present the results of the ADGT 
tool using the outputs of these simulations. Finally, the results of the ADGT tool using a series of 
statistically modelled disruptions are presented and discussed. 

2.7.2.1 Results of the Île de France MATSim simulations 

In the following tables and figures, the results of the disrupted MATSim simulations of Ile de France 
are presented. Note that all results are from scenarios using a 1% sample of the population: thus, all 
values should be multiplied by 100. 

Table 20. Analysis of MATSim output on S1/S2/S3 (1% sample scenario) 

RER B shutdown 14h/16h S1 (75% push 
notification) 

S2 (25% push 
notification) 

S3 (0% push 
notification) 

Nb agents changed mode 10 4 0 

Nb agent with delay >10 min 170 169 168 

Nb agent with delay > 30 min 64 63 66 

Nb agents affected by the 
disruption directly 

400 400 400 

 

Figure 35:  Distribution of passenger delays on scenarios S1/S2/S3 Only delays higher than 10 minutes are 
considered. For scaling purpose, delays higher than 0.95-quantile are not displayed (1% sample scenario) 
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Table 21. Analysis of MATSim output on S4/S5/S6  

RER B shutdown 10h/16h S4 (75% push 
notification) 

S5 (25% push 
notification) 

S6 (0% push 
notification) 

Nb agents changed mode  11 6 0 

Nb agent with delay >10 min 405 401 396 

Nb agent with delay >30 min 302 302 302 

Nb agents affected by the 
disruption directly 

1,035 1,035 1,035 

 

 

Figure 36: Distribution of passenger delays on scenarios S4/S5/S6 Only delays higher than 10 minutes are 
considered. For scaling purpose, delays higher than 0.95-quantile are not displayed (1% sample scenario) 
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Table 22:  Analysis of MATSim output on S7/S8/S9 

RER B shutdown 10h/18h S7(75% push 
notification) 

S8 (25% push 
notification) 

S9 (0% push 
notification) 

Nb agents changed mode  21 7 2 

Nb agent with delay >10 min 906 901 897 

Nb agent with delay >30 min 789 795 794 

 

Figure 37: Distribution of passenger delays on scenarios S7/S8/S9. Only delays higher than 10 minutes are 
considered. For scaling purpose, delays higher than 0.95-quantile are not displayed (1% sample scenario) 
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2.7.2.2 Results of the ADGT tool 

With MATSim output 

Results on scenarios S1/S2/S3 after the flight rescheduling obtained thanks to the ADGT are 
summarised in Table 23. 

Table 23. Results obtained after flight rescheduling on S1/S2/S3 

RER B shutdown 14h/16h S1 (75% push 
notification) 

S2 (25% push 
notification) 

S3 (0% push 
notification) 

Number of agents stranded at the airport* (before 
optimisation) 

387 387 390 

Number of agents stranded at the airport* (after 
optimisation) 

 276 276 279 

Reduction rate (%) -28.68 % -28.68 % -28.46 % 

Total deviation applied to arrival flight set (minutes) 38 38 41 

Average deviation applied to arrival flight set 
(minutes) 

0.1 0.1 0.1 

Total delay applied to departure flight set (minutes) 791 791 796 

Average delay applied to departure flights (minutes) 1.5 1.5 1.5 

* Estimated by taking 40 min as the minimum required processing time at the departure airport. This buffer 
time corresponds to the difference between the check-in closure time and the departure flight time. (Source: 
https://wwws.airfrance.fr/information/aeroport/quand-arriver#fin-enregistrement) 

The new flight schedule enables a reduction in the number of stranded passengers at the airport 
around 20% and 12% for S1/S2/S3 and S4/S5/S6 respectively. This is done by assigning on average 
less than 30s of delay for each departure flight and by almost not deviating arrival flights from their 
initial schedule. Really close results are observed for S1/S2/S3 but this was expected since each of 
the three scenarios is close to the other ones in terms of passenger arrival time at the airport as 
explained in Section 2.7.2.1. The same observation can be done on results related to S4/S5/S6.  

The number of stranded passengers and the average flight deviation assigned across the day are 
displayed for scenario S1 in Figure 38. 
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Figure 38: Comparison of results obtained before and after optimisation for scenario S1. The top figure 
displays the evolution in the number of stranded outbound passengers during the day. The blue and 

orange histograms refer to the volume of passengers with the initial and the optimised schedules 
respectively. The bottom figure shows the evolution of the average deviation from the initial schedule for 

departing (in green) and arriving (in red) flights 

We can notice that stranded passengers are observed for the full day of operations and not only 
during the hours following the RER-B shutdown. Thus, even in the baseline scenario several 
passengers would have been stranded. Moreover, the total volume of stranded passengers doesn’t 
seem to increase a lot after the RER-B shutdown. This seems to reflect the resilience of the Paris 
ground transportation network. Indeed, even if one access mode is disrupted, passengers can replan 
their trip and still catch their flight as in the nominal situation. Another interesting observation is that 
the volume of stranded passengers seems particularly high for flights departing at 6am. This can be 
explained by the fact that in the early morning, a high share of passengers arriving at the airport are 
business travellers. This type of passengers are used to go to the airport and need less buffer time to 
catch their flight especially in the early morning when the airport is empty. Thus, the assumption of 
defining a passenger as stranded if he arrives less than 40 min before its departure flight could be 
revised depending on the passenger type and the flight departure time. 

Figure 39 displays the runway throughputs with the initial planning and the optimised one. 
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Figure 39: Evolution of runways’ throughput before and after optimisation for S1. Maximum throughputs 
are represented through dotted red lines. Blue curves represent throughput levels before optimisation 

while orange curves represent the ones after optimisation 

One can observe in Figure 39 that the new flight schedule for scenario S1 respects maximum runway 
throughput constraints. This is also the case for the other scenarios.  

The terminals and taxi network occupancies are presented in Figure 40. It can be seen that the new 
flight schedule also respects maximum terminal capacity and taxi network capacity. The new 
planning also allows all air connecting passengers to catch their flights and minimum turn around 
constraints for each aircraft are also satisfied. 

Results on scenarios S4/S5/S6 after the flight rescheduling obtained thanks to the ADGT are 
summarised in Table 24. 
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Figure 40: Evolution of terminals and taxi network occupancies before and after optimisation for scenario 
S1. Maximum hourly capacities are represented through dotted red lines. Blue curves represent 
congestion levels before optimisation while orange ones represent the ones after optimisation 

Table 24. Results obtained after flight rescheduling on S4/S5/S6  

RER B shutdown 10h/16h S4 (75% push 
notifications) 

S5 (25% push 
notifications) 

S6 (0% push 
notifications) 

Number of agents stranded at the 
airport* (before optimisation) 

564 563 561 

Number of agents stranded at the 
airport* (after optimisation) 

468 469 469 

Reduction rate (%) 17.02 16.69 16.40 

Total deviation applied to arrival flight 
set (minutes) 

33 36 36 

Average deviation applied to arrival 
flight set (minutes) 

0.1 0.1 0.1 

Total delay applied to departure flight 
set (minutes) 

632 630 608 

Average delay applied to departure 
flights (minutes) 

1.3 1.3 1.3 

* Estimated by taking 40 min as the minimum required processing time at the departure airport. This buffer 
time corresponds to the difference between the check-in closure time and the departure flight time. 
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Scenarios S4/S5/S6 show similar results, with a slightly better performance for scenario S4 (-0.3% and 
-0.6% of stranded passengers compared to S5 and S6 respectively). The ADGT performs less well for 
S4/S5/S6 than for S1/S2/S3. Indeed, a reduction in the number of stranded passengers around 
16/17%% is observed compared to 28/29% on scenarios S1/2/3. The average delay applied to arrival 
and departure flights remains lower than 2min and is similar for each scenario. 

The number of stranded passengers and the average flight deviation assigned across the day is 
displayed in Figure 41 for scenario S4. 

  

Figure 41: Comparison of results obtained before and after optimisation for scenario S4. The top figure 
displays the evolution in the number of stranded outbound passengers during the day. The blue and 

orange histograms refer to the volume of passengers with the initial and the optimised schedules 
respectively. The bottom figure shows the evolution of the average deviation from the initial schedule for 

departing (in green) and arriving (in red) flights. (1% sample scenario) 

For this scenario, a higher number of stranded passengers is observed for flights that took off 
between 12pm and 4pm. These hours are inside the time window when the RER-B is shut down for 
this scenario. One possible explanation is that in this scenario passengers arrive too late even 
considering the maximum pushback which can be applied to the departure flights. Indeed, since the 
algorithm only authorises a delay for departure aircraft lower than 15 min, passengers arriving at 
airport entrance less than 25 min before their departure flight will miss their flights. 

Results on scenarios S7/S8/S9 after the flight rescheduling obtained with the ADGT are summarised 
in Table 25.  
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Table 25: Results obtained after flight rescheduling on S7/S8/S9 

RER B shutdown 10h/18h S7 (75% push 
notifications) 

S8 (25% push 
notifications) 

S9 (0% push 
notifications) 

Number of agents stranded at the 
airport* (before optimisation) 

947 943 946 

Number of agents stranded at the 
airport* (after optimisation) 

884 883 886 

Reduction rate (%) 6.65 6.36 6.34 

Total deviation applied to arrival flight 
set (minutes) 

84 84 84 

Average deviation applied to arrival 
flight set (minutes) 

0.2 0.2 0.2 

Total delay applied to departure flight 
set (minutes) 

442 424 424 

Average delay applied to departure 
flights (minutes) 

1.0 1.0 1.0 

The worst performance of the ADGT among the 9 scenarios is obtained for the last 3 scenarios. 
Around 94% of passengers remain stranded at the airport after the flight rescheduling. Due to the 
high level of disruption, people arrive too late to the airport and retaining aircraft up to 15min at the 
gate is not sufficient. As a reminder, these scenarios represent only 1 percent of the total population 
in Île-de-France. In this case, more than 88,000 passengers would have been stranded at the airport 
with such massive disruption. Thus, implementing a ground delay program in this case would be 
relevant in order to wait for delayed passengers by delaying most of the aircraft for a longer delay at 
CDG airport while regulating arrival flow by directly assigning delay to arrival flights at their 
departure airport.  

 

Figure 42: Distribution of buffer time required for stranded passengers on S9. For instance, the bar at -10min 
represents the number of passengers who arrive at the gate 10min later than the initial gate closure time of 

their flight. A distinction is made between the modes used to access the airport 
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Figure 42 displays the distribution of the buffer time required for stranded passengers on S9. One 
can observe a large volume of passengers arriving at the airport more than 30 min after the initial 
flight departure time, with some passengers arriving up to 600 min after their departure flight time. 
This explains the poor performance of ADGT in such scenarios. The distribution of the buffer time 
required for stranded passengers for scenario S4 is plotted on Figure 43 as a comparison. 

 

Figure 43: Distribution of buffer time required for stranded passengers on S4. A distinction is made between 
the modes used to access the airport 

In this scenario, buffer times required range from 10 to 390 minutes with the main part of the agents 
requiring a buffer time lower than one hour. In this case, the ADGT is more relevant since delaying 
aircraft only by 15 minutes already allows to save a significant percentage of stranded passengers. 

Finally, the ADGT tool is tested on S1 with an output of MATSim simulating 25% of the population. 
Results are summarised in Table 26. 

Table 26: Results obtained after flight rescheduling on S1 and 25% of the population 

RER B shutdown 10h/16h S1 (75% push notifications) 

Number of agents stranded at the airport* (before optimisation) 7,202 

Number of agents stranded at the airport* (after optimisation) 5,452 

Reduction rate (%) 24.3 

Total deviation applied to arrival flight set (minutes) 870 

Average deviation applied to arrival flight set (minutes) 1.4 

Total delay applied to departure flight set (minutes) 4,718 

Average delay applied to departure flights (minutes) 6.2 
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The new schedule performs worse for this scenario than for the same scenario simulated with 1% of 
the Paris population simulated. The reduction in the number of stranded passengers is around 24% 
while the one for the 1% scenario was around 29%. Since 25 times more passengers are simulated 
than in the 1% scenario, one can expect that the number of flights having at least one potential 
stranded passenger increases. Thus, a larger number of flights need to be delayed to wait for 
stranded passengers. This can be observed through the severe increase in the total delay applied to 
the flight set, going from 537 minutes for the 1% scenario to 5588 minutes for the 25% scenario. 

With statistical modelling output 

The optimised solution is compared with the initial planning in Figure 44 for the disruptive scenario 
s0 of the statistical model. The evolution in the number of stranded outbound passengers and the 
total deviation from the initial schedule are displayed. 

 

Figure 44: Comparison of results obtained before and after optimisation. The top figure displays the 
evolution in the number of stranded outbound passengers during the day. The blue and orange 

histograms refer to the volume of passengers with the initial and the optimised schedules respectively. 
The bottom figure shows the evolution of the average deviation from the initial schedule for departing (in 

green) and arriving (in red) flights 

More than 60% of passengers who were initially stranded succeed in catching their flight with the 
new schedule. One can notice that several passengers are stranded even outside the disruption 
hours. This is due to the passenger arrival process modelling that simulates few late arrivals even 
during nominal conditions. Consequently, the optimisation method also assigns delay to departing 
flights occurring before and after the disruption. The average deviation applied to departing flights is 
equal to nine minutes. It is three times higher than the average deviation applied to arriving flights. 
This observation is consistent since arrival delays are only assigned to mitigate airport congestion and 
runway throughput limitations. During the disruption, the average delay applied to departing flights 
tends to be higher, ranging from 11 to 13 minutes. Moreover, all the air-connecting passengers catch 
their flights with the new schedule.  
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All the constraints (maximum terminal capacities, maximum taxi network capacity, maximum runway 
throughputs, minimum transfer time air connecting passengers, minimum turnaround time) are 
respected with the new planning. 

Figure 45 summarises the results obtained on the different disruptive scenarios. 

 

Figure 45. Comparison of results obtained with and without coordination mechanism tested on different 
scenarios. The bar plot on the left displays the number of stranded outbound passengers before (blue) and 

after (orange) optimisation on each scenario. The bar plot on the right (pink) represents the average 
deviation from the initial schedule after optimisation 

In scenario 1, a drop of 70% in the volume of stranded outbound passengers with the optimised 
schedule can be observed. The coordination mechanism has a poorer performance in scenarios 5 
and 6 with a reduction of 30% and 10% in the number of stranded outbound passengers respectively. 
According to Table 24, scenario 1 corresponds to the lowest intensity disruption (20 minutes of delay 
per passenger) and scenario 5 and 6 to the highest ones (90 and 120 minutes of delay per passenger 
respectively). Since the maximum push-back delay is set to 15 minutes, the performance of the 
mechanism is limited for massive disruption. Thus, the higher the average delay per passenger, the 
lower the relative reduction in the number of passengers stranded. Also, scenario 5 is the only one 
that corresponds to a train disruption.  Since train passenger arrivals are modelled with a normal 
distribution with a small standard deviation, a 90-minute delay is likely to threaten all the train-flight 
connections. A 15-minute delay applied to departing flights may not be sufficient to help passengers 
in catching their flight. The reduction in the number of stranded outbound passengers on scenario 5 
is due to ground-air connections saved during non-disrupted hours. In scenario 7 (representing a day 
without disruption), the algorithm succeeds in making 700 passengers on time for boarding. This 
volume is similar to the one saved in scenario 5. Finally, the average deviation applied to each flight 
after optimisation remains roughly constant across the different scenarios and always under seven 
minutes. 
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3 Assessment of timetable synchronisation 
solution in Spain and France 

3.1 Model overview 

3.1.1 Overview of J-TAP 

In current transport models, long-distance travel demand is usually modelled at a very aggregate 
level, both with regards to the travellers themselves, which are often simply represented by flows 
between OD pairs, and with regards to the variables that motivate travel, which tend to be measures 
such as the GDP of a country or the presence of a shared language. Characteristics of the transport 
modes used to complete these trips are often also fairly coarse (e.g., rarely does a long-distance 
travel demand model include a detailed road or rail network or route the demand on these 
networks). This makes it difficult to use the current types of long-distance travel demand models to 
evaluate intermodal concepts, such as air-rail schedule coordination or the building of a High-Speed 
Rail (HSR) station at an airport. In this project, a new type of disaggregate, long-distance travel 
demand model has been developed and implemented into an open-source modelling framework. 
The case studies presented in this report represent a “proof-of-concept” of this new modelling 
framework, called J-TAP.  

J-TAP is a framework developed for the TRANSIT project that provides tools to support the 
development of long-distance travel demand models. It includes an interface with the graph 
database software Neo4j, in which all the data used within a model (also called the “scenario”) are 
stored, accessed, and manipulated. J-TAP itself provides tools for processing and importing certain 
types of raw data, such as roadway networks from OpenStreetMap and railway networks from GTFS 
files into Neo4j (https://neo4j.com/). It also provides tools for importing pre-processed 

sociodemographic and travel diary style mobility data to create the agents - the abstract 
representations of people making long-distance travel decisions - and import them into Neo4j. 
Lastly, it includes an example of a long-distance travel demand model, namely a new implementation 
of C-TAP, a new type of long-distance travel demand model that uses agents to model individual, 
long-distance travel patterns.  

C-TAP is an optimisation model: it takes a chain of activities, such as “home”, “holiday”, and “visit”, 
and based upon the characteristics of the agent performing the trip, the characteristics of the activity 
and the characteristics of the destinations, it optimises the duration of each activity by minimising 
the generalised cost of the overall activity chain (also called a “plan”). It can reduce the duration of 
an activity to zero, and in this way also optimises (in a limited fashion, since it cannot add activities) 
the number of activities of each type in the agent’s plan. The length of this plan can be chosen, but is 
typically at least three months to a year.  When C-TAP is given many different potential plans for 
each agent, the result is a list of optimised plans, each with a generalised cost. The modeller can 
decide how the agent choses from this set of optimised plans. In this implementation, the plan with 
the lowest generalised cost was chosen as the “best” and thus chosen plan.  

C-TAP bases its optimisation on three targets: “percentage of time”, duration, and cost. The 
“percentage of time” target roughly represents how much time over the duration of the entire plan 
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should be devoted to each type of activity. It uses some of the concepts of “needs” in that there is a 
“state value” for each type of activity that increases when the activity is performed and decreases 
when it is not being performed, roughly representing how much an agent “desires” or “needs” to be 
at home, go on vacation, or visit family and friends. The duration target is more straightforward: it 
represents the ideal amount of time to spend on each instance of an activity type. For instance, if the 
duration target for “holiday” is seven days, this means a holiday will ideally last seven days: if it is 
shorter or longer than that, the generalised cost of that activity will be higher. The cost target, or cost 
budget target, represents the monetary constraints of an agent: more expensive options are less 
likely to be included in the final, optimised plan.  

When evaluating the different targets, C-TAP takes into consideration destination attractiveness, 
expressed in generalised cost, and the generalised costs of travel. In order to calculate the 
generalised costs of travel for a particular trip between activities, C-TAP uses the J-TAP toolkit to 
route the trip on the intermodal transport network stored in Neo4j. These routes are stored as part 
of the plan evaluated by C-TAP, and thus one of the outputs of running C-TAP within J-TAP is routed 
trips, enabling the evaluation of network loadings, namely how many agents will use a particular link 
on the network. This allows the modeller to evaluate, for instance, how many people will use air 
travel between two cities, how many will use a particular train service, and how many people will be 
travelling on particular roads.  

The modeller needs to provide C-TAP (and the network generation tools in J-TAP) with functions that 
calculate the destination attractiveness and the generalised cost of activities and travel. These 
functions can be changed to fit the case study, and this is one of the more challenging parts of using 
J-TAP at the moment, since there are currently no empirical studies - to the best of the authors’ 

knowledge at the time of writing - that try to evaluate these metrics in a detailed enough way to 
truly inform which variables should be used, and what the values of the parameters should be. 
However, we tried to make sure that the included variables were reasonable and plausible based 
upon the research that does exist in the case of destination attractiveness [16] and link weights [17].  
A detailed description of the functions used can be found in sections 3.1.2 and 3.3.  

For a more detailed description of J-TAP as a whole, please refer to the deliverable of WP5.  

For the case studies presented in this report, two national models were considered. The limitation to 
only national long-distance travel, instead of international long-distance travel, was imposed by the 
availability of data. For Spain, the data underlying the agent-creation and calibration steps comes 
from cell phone tracking data. For France, it comes from a household travel survey that included a 
detailed section on long-distance travel behaviour. 

3.1.2 Adaptation of J-TAP to the case studies 

3.1.2.1 Destination attractiveness 

Location attractiveness plays a fundamental role in the agent’s decisions. Based on different location 
facilities obtained from OSM, the attractiveness of a destination is determined. By grouping together 
facilities of the same type, the following categories are defined: 

 Sustenance: number of restaurants and bars. 

 Accommodation: apartment, hostel and hotel. 
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 Tourist attraction: monuments. 

 Cultural attractions: museums and theatres. 

 Mountain: alpine huts and ski areas. 

 Coast: boat rental and ferry terminal. 

The different location categories influence the overall attractiveness differently depending on their 
seasonal patterns. The contribution of each category to the overall attractiveness is determined by 
the following formula: 

attractivenessi = factori * number of facilities * seasonal function 

where i refers to a specific category and the factori determined the importance of each category. 
Three types of seasonal functions are considered: (i) a constant function; (ii) a summer-peak sine 
function; and (iii) a winter-peak sine function. The overall attractiveness is: 

attractiveness =∑i attractivenessi 

3.1.2.2 Multimodal network to enable intermodal routing 

The multimodal3 transport network implemented in the J-TAP framework has many different kinds of 
links that allow it to be perceived and used either as one, large, multimodal transport network for 
intermodal routing or as several separate transport networks (air, rail, road). 

As one could expect, there are road links connecting road nodes, rail links connecting rail nodes, and 
air links connecting air nodes. The links that connect nodes of two different types - such as air and 

rail, or rail and city, or road and rail - are called cross links. It is through these cross links that the 
three separate transport networks are connected to each other and to the destinations. Cross links 
represent intermodal transfers when connecting two different kinds of transport mode nodes (air to 
rail, road to rail, etc.) and represent access and egress to the transport mode when connecting a 
transport node (air, rail, road) to a city node. Links are directional: there is one link for each direction, 
meaning two road nodes are connected by two road links, etc.  

To enable fast, intermodal routing with an algorithm such as Dijkstra, these transport links have to be 
given a generalised cost, i.e., a single weight that the routing algorithm can use to find the least-cost 
path. This process is called “weighting” the links. For non-scheduled modes, such as road, this is fairly 
straightforward: the travel time and cost per kilometre are used to calculate the generalised cost of 
using a road link. For scheduled modes, such as rail and air, the details of the schedule must be 
simplified and distilled into one value for each link that represents the utility of the service 

                                                           

 

3
 In the context of a network, “multimodal” means that multiple modes are represented. However, in the 

context of routing or mode choice, multimodal simply indicates that there are multiple modes to choose from, 
but each mode is considered separately: there are no routes that combine modes (other than access and 
egress walks). Thus, the term “intermodal” is used here to refer to routing that does consider multiple modes 
for a single route.  Intermodal routing is a prerequisite for mode choice that includes intermodal options (i.e., 
choosing between rail, rai-air, road, road-air, etc., instead of just rail, road, and air). 
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represented by the link. The way this was done for this particular set of case studies is presented in 
the next subsection. This simplification was chosen because intermodal routing between a 
non-scheduled network mode such as road and a scheduled mode is extremely complex, and 
requires advanced routing algorithms that consume high amounts of computational power and time. 
In this project, it was deemed that having a fast-routing algorithm was the highest priority, to allow 
models developed using the J-TAP framework, such as the example implementation of C-TAP, to 
model large, national level scenarios. 

Link weights 

Link weights are assigned using functions: what these functions look like is up to the modeller and 
depends, in part, on both the regions being modelled, the goal of the study, and the particular model 
(such as C-TAP) being used. This allows the least cost path found by the routing algorithm to be 
included in the optimisation functions, thus allowing the route and mode choice of agents to be 
considered as a factor when the optimisation functions used by C-TAP optimise the agents’ 
long-distance activity chains. 

Weights for road links 

The link weighting function for road links is simple: the average travel time is monetised by 
multiplying it by the value of time spent travelling in a car and added to the cost of travelling the 
length of the link by car. The value of time is sourced from [17] for both scenarios, since this source 
provides the most complete set of parameters that are acceptably appropriate for use in the link 
weighting functions used by C-TAP. The cost of travelling by car was roughly estimated using publicly 
available statistics on fuel costs and fuel efficiency of privately owned passenger vehicles ([18], [19]). 

〖tt〗_ave= average travel time on the link in seconds 

〖VOT〗_car= value of time spent travelling in a car in Euros/second 

distance= length of the link in km 

〖PricePerKm〗_car= cost of travelling by car in Euros/km 

Weights for scheduled modes: air and rail 

Both scheduled modes considered in this project used the same function. As an example, the 
function used to calculate rail link weights is presented here. The function used to weight air links, 
representing the direct flights connecting to air nodes (aka airports), is analogous: simply the values 
of time and price per kilometre are then specific to air travel, not train travel. Rail links use the 
following equation to calculate their generalised costs. 

𝑅𝑎𝑖𝑙𝐿𝑖𝑛𝑘𝑊𝑒𝑖𝑔ℎ𝑡
= 𝑡𝑡𝑎𝑣𝑒𝑟𝑎𝑔𝑒 ∗ 𝑉𝑂𝑇𝑟𝑎𝑖𝑙 + 𝑡𝑡𝑎𝑣𝑒𝑟𝑎𝑔𝑒 ∗ 𝑠𝑝𝑒𝑒𝑑𝑎𝑣𝑒𝑟𝑎𝑔𝑒 ∗ 𝑃𝑟𝑖𝑐𝑒𝑃𝑒𝑟𝑘𝑚𝑟𝑎𝑖𝑙

+ ((
ℎ𝑒𝑎𝑑𝑤𝑎𝑦

2
) ∗ 𝑉𝑎𝑙𝑢𝑒𝑂𝑓𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑖𝑙) + 𝑊𝑎𝑖𝑡𝑇𝑖𝑚𝑒𝑚𝑖𝑛𝑖𝑚𝑢𝑚 ∗ 𝑉𝑂𝑇𝑤𝑎𝑖𝑡 

𝑡𝑡𝑎𝑣𝑒𝑟𝑎𝑔𝑒 = the average in-vehicle travel time, in seconds, on that link 

𝑉𝑂𝑇𝑟𝑎𝑖𝑙 = the monetary value of time, in euros/second, for travelling with a train 
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𝑠𝑝𝑒𝑒𝑑𝑎𝑣𝑒𝑟𝑎𝑔𝑒_𝑡𝑟𝑎𝑖𝑛 = the average speed of trains in km/s (currently the same for all links) 

𝑃𝑟𝑖𝑐𝑒𝑃𝑒𝑟𝑘𝑚𝑟𝑎𝑖𝑙 = the price per kilometer travelled with rail 

ℎ𝑒𝑎𝑑𝑤𝑎𝑦 =
24 ℎ𝑟𝑠∗3600 𝑠/ℎ𝑟

𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛𝑠 𝑝𝑒𝑟 𝐷𝑎𝑦
  

𝑉𝑎𝑙𝑢𝑒𝑂𝑓𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑟𝑎𝑖𝑙 = the monetary value of the service frequency given by the headway. Since 
this value was not readily available in the literature, it was assumed that the headway represents a 
good approximation of the average wait time experienced by passengers, and used the 𝑉𝑂𝑇𝑤𝑎𝑖𝑡 
here instead.  

𝑊𝑎𝑖𝑡𝑇𝑖𝑚𝑒𝑚𝑖𝑛𝑖𝑚𝑢𝑚 = an assumed minimum wait time that all passengers will aim to have to avoid 
missing their train. In this project, a minimum wait time of 5 minutes was assumed.  

𝑉𝑂𝑇𝑤𝑎𝑖𝑡 = the monetary value of waiting 

Weights for cross links 

The weights for cross links connecting rail and road nodes to city nodes as well as cross links 
connecting road and rail nodes together are weighted as follows: 

𝐶𝑟𝑜𝑠𝑠𝐿𝑖𝑛𝑘𝑊𝑒𝑖𝑔ℎ𝑡 =  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑆𝑝𝑒𝑒𝑑𝑤𝑎𝑙𝑘 ∗ 𝑉𝑂𝑇𝑤𝑎𝑙𝑘 

𝑉𝑂𝑇𝑤𝑎𝑙𝑘 = value of time spent travelling by foot 

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = length of the link in metres 

𝑆𝑝𝑒𝑒𝑑𝑤𝑎𝑙𝑘 = the average walking speed of the population 

This weighting function was chosen since train stations are usually fairly close to the starting point of 
a person’s journey, and so are the entrances to the road network. Furthermore, providing a more 
nuanced cross link weight function would also require a far more disaggregated collection of 
destination (city) nodes to allow more exact routing from different points within the city or region to 
the long-distance transport network.  

However, since the focus of this particular project is on the coordination of air and ground transport 
modes - in particular passenger rail - more detailed cross link weighting functions were created for 
air-to-ground and ground-to-air cross links. 

Air-rail and rail-air cross links 

Within the C-TAP model implemented within the J-TAP framework, the impact of transfer times is 
reflected in the weights of the cross links. In particular, those cross links connecting rail to air nodes 
and those connecting air to rail nodes have a special weighting function that attempts to consider 
the benefits of the schedule coordination without having true schedule-based routing. The following 
equation was used to weight rail-to-air cross links. 
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𝐶𝑟𝑜𝑠𝑠𝐿𝑖𝑛𝑘𝑊𝑒𝑖𝑔ℎ𝑡𝑟𝑎𝑖𝑙→𝑎𝑖𝑟

= 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑠𝑝𝑒𝑒𝑑𝑤𝑎𝑙𝑘 ∗ 𝑉𝑂𝑇𝑤𝑎𝑙𝑘 + 𝐼𝑑𝑒𝑎𝑙𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑇𝑖𝑚𝑒𝑔𝑟𝑜𝑢𝑛𝑑→𝑎𝑖𝑟

∗ 𝑉𝑂𝑇𝑤𝑎𝑖𝑡𝑖𝑛𝑔 +
𝑁𝑅𝐴𝑇𝐿

𝑇𝑁𝑅𝐴𝑇 
∗ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝐸𝑥𝑡𝑟𝑎𝑊. 𝑎𝑖𝑡 ∗ 𝑉𝑂𝑇𝑤𝑎𝑖𝑡𝑖𝑛𝑔 +

𝑁𝑅𝐴𝑇𝑆

𝑇𝑁𝑅𝐴𝑇 
∗ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑀𝑖𝑠𝑠𝑖𝑛𝑔𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑇𝑖𝑚𝑒 ∗ 𝑉𝑂𝑇𝑤𝑎𝑖𝑡𝑖𝑛𝑔 ∗ 𝑇𝑜𝑜𝑆ℎ𝑜𝑟𝑡𝑃𝑒𝑛𝑎𝑙𝑡𝑦 

Distance = the length of the cross link in metres 

Speed_walk = the average walking speed of the population, in m/s 

VOT = value of time, for walking and waiting respectively.   

𝐼𝑑𝑒𝑎𝑙𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑇𝑖𝑚𝑒𝑔𝑟𝑜𝑢𝑛𝑑→𝑎𝑖𝑟 = the ideal transfer time for a ground to air transfer. This is 

assumed to be the recommend 90 minutes for arriving at an airport before a Schengen-zone flight. 
Since both the Spain and France models only consider national trips, all flights considered are 
Schengen-zone flights.  

NRATL = number of rail-to-air transfers that are longer than the ideal transfer time 

TNRAT = total number of rail-to-air transfers 

NRATS = number of rail-to-air transfers that are shorter than the ideal transfer time 

TooShortPenalty = a factor that takes into account that risking a missed connection is more stressful 
than waiting longer. The next equation was used to weight air-to-rail cross links. Note the only 
change is that the information specific to the direction of the transfer (rail to air or air to rail) has 
been adjusted accordingly. 

𝐶𝑟𝑜𝑠𝑠𝐿𝑖𝑛𝑘𝑊𝑒𝑖𝑔ℎ𝑡𝑎𝑖𝑟→𝑟𝑎𝑖𝑙

= 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑠𝑝𝑒𝑒𝑑𝑤𝑎𝑙𝑘 ∗ 𝑉𝑂𝑇𝑤𝑎𝑙𝑘 + 𝐼𝑑𝑒𝑎𝑙𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑇𝑖𝑚𝑒𝑎𝑖𝑟→𝑔𝑟𝑜𝑢𝑛𝑑

∗ 𝑉𝑂𝑇𝑤𝑎𝑖𝑡𝑖𝑛𝑔 +
𝑁𝐴𝑅𝑇𝐿

𝑇𝑁𝐴𝑅𝑇 
∗ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝐸𝑥𝑡𝑟𝑎𝑊. 𝑎𝑖𝑡 ∗ 𝑉𝑂𝑇𝑤𝑎𝑖𝑡𝑖𝑛𝑔 +

𝑁𝐴𝑅𝑇𝑆

𝑇𝑁𝐴𝑅𝑇 
∗ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑀𝑖𝑠𝑠𝑖𝑛𝑔𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑇𝑖𝑚𝑒 ∗ 𝑉𝑂𝑇𝑤𝑎𝑖𝑡𝑖𝑛𝑔 ∗ 𝑇𝑜𝑜𝑆ℎ𝑜𝑟𝑡𝑃𝑒𝑛𝑎𝑙𝑡𝑦 

𝐼𝑑𝑒𝑎𝑙𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑇𝑖𝑚𝑒𝑎𝑖𝑟→𝑔𝑟𝑜𝑢𝑛𝑑 = the ideal transfer time for an air to ground transfer. This is 

assumed to be 60 minutes, to allow for baggage claim.   

NARTL = number of air-to-rail transfers that are longer than the ideal transfer time: given by the 
input data for the air-rail timetable synchronisation in the baseline case and by the output of the tool 
in the test case.  

TNART = total number of air-to-rail transfers: given by the input data for the air-rail timetable 
synchronisation in the baseline and test cases, since the tool does not change the number of flights 
per day, just their departure and arrival times.  

NARTS = number of air-to-rail transfers that are shorter than the ideal transfer time: given by the 
input data for the air-rail timetable synchronisation in the baseline case and by the output of the tool 
in the test case. 
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Air-road, air-city, road-air, and city-air cross links 

To reflect the fact that regardless of which mode is used to access an airport, passengers generally 
attempt to follow the recommendations of airlines for when to arrive before their flight - which we 
have assumed is equal to the “ideal transfer time” - the cross links connecting road nodes and city 
nodes to air nodes incorporate this ideal transfer time. This also ensures consistency with the rail-air 
and air-rail cross link weights. This represents the assumption that passengers accessing an airport 
with a car (or a taxi) and those accessing the airport with other local modes will simply adjust their 
departure times to ensure they will have the ideal transfer time - unlike those accessing the airport 
with regional or long-distance trains, who are constrained by the schedule of those services.  

Thus, the cross links between air and road and air and city nodes is as follows. Again, a distinction is 
made between transfers going from a ground transport mode to air vs transferring from air to a 
ground transport mode.  Walk speed and walk VOT was used to keep consistency with other cross 
link weighting functions. 

𝐶𝑟𝑜𝑠𝑠𝐿𝑖𝑛𝑘𝑊𝑒𝑖𝑔ℎ𝑡𝑐𝑖𝑡𝑦 𝑜𝑟 𝑟𝑜𝑎𝑑→ 𝑎𝑖𝑟

= 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑠𝑝𝑒𝑒𝑑𝑤𝑎𝑙𝑘 ∗ 𝑉𝑂𝑇𝑤𝑎𝑙𝑘 + 𝐼𝑑𝑒𝑎𝑙𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑇𝑖𝑚𝑒𝑔𝑟𝑜𝑢𝑛𝑑→𝑎𝑖𝑟

∗ 𝑉𝑂𝑇𝑤𝑎𝑖𝑡𝑖𝑛𝑔 

𝐶𝑟𝑜𝑠𝑠𝐿𝑖𝑛𝑘𝑊𝑒𝑖𝑔ℎ𝑡𝑎𝑖𝑟→ 𝑐𝑖𝑡𝑦 𝑜𝑟 𝑟𝑜𝑎𝑑

= 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑠𝑝𝑒𝑒𝑑𝑤𝑎𝑙𝑘 ∗ 𝑉𝑂𝑇𝑤𝑎𝑙𝑘 + 𝐼𝑑𝑒𝑎𝑙𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑇𝑖𝑚𝑒𝑎𝑖𝑟→𝑔𝑟𝑜𝑢𝑛𝑑

∗ 𝑉𝑂𝑇𝑤𝑎𝑖𝑡𝑖𝑛𝑔 

Parameter values 

Since J-TAP’s approach to modelling long-distance travel decisions is still very new, there is no 
literature focused on estimating some of the more specialised parameters for the equations used in 
J-TAP. Thus, “best-fit” parameter values from the existing literature were used or “best guesses” 
based upon values in the literature or on plausible reasoning. 

The values used for the parameters mentioned in the above weighting functions can be found in 
Table 27. All these values, except the prices, were used in both models. The Spain model used 
different, Spain-specific prices. 

Table 27. Parameters used within the Link Weighting Function in the C-TAP Model implemented using the 
J-TAP framework for the Spain and France case studies

4
 

Parameter Name Value Source 

Vot car 14.4 Euro/hr David Meunier and Emile Quinet (2015) 

Vot rail 25.4 Euro/hr David Meunier and Emile Quinet (2015) 

Vot air 54.2 Euro/hr David Meunier and Emile Quinet (2015) 

Vot walk (access, 
egress) 

38.2 Euro/hr David Meunier and Emile Quinet (2015) 

                                                           

 

4
 Prices were country specific: only the French ones are listed in this table 
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Parameter Name Value Source 

Vot bus 13.9 Euro/hr David Meunier and Emile Quinet (2015) 

Vot wait 28.65 Euro/hr David Meunier and Emile Quinet (2015) 

Price per km car 0.12236 Euro/km using average fuel efficiency 2014 of 6.44l/100km and price of 
1.90 Euro/liter (2022 springtime) 

Price per km train 0.078 Euros/km Approximated using average commercial income per passenger 
for 2016 for TER and Intercites services in France [cite], as this is 
between the overall average of 0.057 and 0.095, the average for 
TAGV, iDTGV, and Ouigo. The network and the link weighting 
functions currently do not differentiate between train service 
type, since this is not a property of the rail links at the moment. 
Thus, we cannot consider it. One would need to extract each 
service separately from the GTFS. Then, each type of service 
would need its own set of links. 

Price per km air 0.07 Euros/km Value suggested by a colleague in the French Civil Aviation 
Authority [LC2]  

Price per km bus 0.057 Euros/km Approximated by using the value of the cheapest train service in 
France [20] 

speed_ave-train 55.55 m/s = 
200km/hr  
 

Assumed value: the average commercial services of HSR in Spain 
are 222km/hr. Since the focus is on the influence on schedule 
coordination between air and HSR, this speed was assumed for 
now.  For France, primarily the TGV and Ouigo services are 
represented, so this speed is also reasonable.  

speed_ave_air 125m/s = 
450km/hr 

Assumed value for national flights, which tend to be short-haul.  

speed_walk 1.42 m/s = 5.1 
km/hr 

Assumed value 

TooShortPenalty 1.5 A best guess, representing that a transfer time that is too short is 
more stressful - and thus “costs” more - than the time spent 
waiting during a transfer time that is longer than the ideal 
transfer time.  

3.1.2.3 Mode choice 

Once the agent plans are created and evaluated, the best plan is selected and the mode used by the 
agent to reach the destination is derived using a logit model. The following equation is used to 
calculate the probability of an agent selecting the mode i: 

pi = e (-λ*(ci + ki)) / ∑j e
(-λ*(cj + kj)) 

where ci is the generalised cost of the mode i and both λ and ki are parameters to be calibrated. 

This additional step was added because J-TAP works with archetype agents: it optimises the plan of, 
for instance, an agent representing all women who are between 30 and 40 years old, live in Seville 
and earn between 2,000 and 3,000 Euros per month. Without this additional mode choice, when the 
behaviour of this archetype agent is scaled to represent all these women, all these women would use 
the same mode. This is rather unrealistic (or even less realistic than all these women choosing very 
similar vacation destinations), and fairly easy to correct via a logit model which simply adds the 
uncertainty associated with human decision making. 
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3.2 Intermodal solution: air-rail timetable synchronisation tool 

TRANSIT’s Intermodal Timetable Synchronisation solution proposes a coordination mechanism at the 
strategic level between flights and trains. This mechanism refers to the establishment of a 
synchronised timetable between these two modes. The timetable corresponds to the scheduled 
departure time and arrival time of trains/flights set by transportation suppliers and provided to 
passengers. The objective is to generate a global timetable that improves passenger experience and 
encourages people to use an integrated service. It is especially suitable in the case of airports 
equipped with a train station. Thus, this mechanism could be seen as a “soft measure” which will not 
require the building of new infrastructures. The tool developed aims at providing a timetable with a 
high level of service. This would be done by optimising the connection times between trains and 
flights regarding passengers’ expectations. 

Consider that passengers transfer from a train to a flight. The duration between the train scheduled 
arrival time and the flight scheduled departure time is referred to as connection time. These 
connection times result from flight and train timetables defined by airlines and railway operators. 
These timetables are generally built independently: each operator constructs its own network and 
optimises transfers for passengers within it. However, no coordination is made with other modes to 
offer passengers smooth multimodal connections. Here, we propose to optimise these multimodal 
connections. In order to provide passengers seamless connections, the connection time between a 
train and a flight must be: (i) sufficiently large such that passengers have enough time to go through 
the airport security process; (ii) limited, to avoid time out in the door-to-door journey. 

A passenger-oriented metric has been introduced to assess connection times between legs. This 
metric consists in assigning a score between 0 and 1 to the connection based on the time that 
passengers have to shift between modes. This scoring function is presented in Figure 46.  As the 
connection time gets closer to an optimal duration, the score increases toward 1. On the contrary, as 
the connection time draws away from the optimal duration, the score tends to 0. A distinction 
between connections with Schengen flights and connections with non-Schengen flights is made due 
to border control. Indeed, an additional processing time must be considered. A more detailed 
description of this score is provided in deliverable D5.1. 

 

Figure 46: Connection quality scoring 
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The air-rail timetable coordination tool aims at creating a timetable with connections between trains 
and flights having a high-quality score. Based on two initial train and flight schedules, the algorithm 
generates an integrated timetable with connections of higher quality score. The principle lies in 
applying small changes to the two initial schedules. Indeed, each arrival/departure time of train and 
flight can be changed by at most +/- 15 minutes. This limitation ensured that the optimised train and 
flight schedules do not deviate too much from the initial ones. These changes are made in order to 
maximise the quality score of each potential connections for passengers while considering 
transportation operator constraints such as aircraft minimum turnaround time or train stop time at 
the railway station. The optimisation algorithm is described in deliverable D5.1. 

Finally, additional time must be considered if the airport is not equipped with a high-speed rail (HSR) 
station. Paris-Charles de Gaulle airport has direct access to HSR station at Terminal 2. Hence the 
transfer time is set to 0. Regarding Madrid-Barajas airport, passengers must transfer between train 
stations and the airport using a commuter rail. Two rail stations served the city: Madrid-Atocha and 
Madrid-Chamartín. An additional time of 29 minutes and 15 minutes must be considered, 
respectively. (https://www.redtransporte.com/madrid/cercanias-renfe/linea-c-1.html) 

The J-TAP model was setup for Spain and France. The implemented model was run for Spain case 
study without schedule coordination (baseline) and with schedule coordination (test case). The 
highly detailed data requirements for setting up and calibrating the J-TAP model made it impossible 
to be run a similar experiment for France, where data was scarcer.  

3.3 Creating the baseline scenario of Spain 

3.3.1 Road network from OSM 

The road network of Spain was obtained from OSM. The data is obtained from www.geofabrik.de, a 
website that stores ready-to-download copies of OSM datasets. The OSM network has been filtered 
to consider only the most important roads in the country's system: motorways, trunk roads, and 
primary roads. The resulting road network is represented in Figure 47. 

 

Figure 47: Road network in the Spanish J TAP model 
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3.3.2 Rail network from GTFS 

Rail network GTFS data was obtained from the National Access Point of Transport Data 
(https://nap.mitma.es/), where official information on the transport supply on the national territory 
is published. The data used in the Spanish model was published on 8 July 2022. From the data, the 
planned rail connections for 13 July 2022 (Wednesday) are used as the rail network for all the 
simulation period. Only the medium, long distance and high-speed train are considered in the model, 
leaving commuter trains out of the study. In Figure 48, the Spanish rail network is shown. The train 
stations are represented as blue circles, while the red lines link the pair of stations with a direct 
connection. 

 

Figure 48: Rail network in the Spanish J TAP mode 

3.3.3 Air transport network 

Air transportation data are obtained from Eurocontrol R&D archive 
(https://www.eurocontrol.int/dashboard/rnd-data-archive). These data contain information on 
historical flights in Europe such as: 

 Departure airport 

 Arrival airport 

 Scheduled departure time 

 Scheduled arrival time 

 Aircraft callsign 

Only four months of data are available for each year. Data from June 26th, 2019 were gathered.  
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In Figure 49, the Spanish air network is partially represented. The green circles represent the airports 
considered in the model, while the red dashed lines represent direct flights with origin in the 
Madrid’s airport (Aeropuerto Adolfo Suárez Madrid-Barajas). Of all the flight connections included in 
the model of Spain, these are the most important ones as they will be coordinated with the rail 
network in the case study (section 3.3.2). 

 

Figure 49: Air network in the Spanish J TAP model 

3.3.4 Locations: origins and destinations 

In the Spanish model, the entire country and all its towns have been considered. However, different 
criteria have been used for origins and destinations.  

An origin is a location from which trips can be originated. For this particular model only cities with a 
population of 10,000 or more inhabitants have been considered. The model contains 717 origins. 

A destination is a location to which trips can arrive. For this particular case, only cities with a 
population of 100,000 or more inhabitants have been considered. When two cities meeting the 
above condition are closer than 30 km, they are merged as a single destination. Additionally, all the 
islands have been included. A total of 48 destinations are considered in the model. 

In Figure 50, all the origins are represented in blue and destinations in red. It can be seen how in 
Spain the population is concentrated along the coast and around the capital. 

These origins/destinations are not to be understood as cities, but as a zoning system in which each 
person or facility in the territory is assigned to the nearest origin/destination. 
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Figure 50: Origins and destinations in the Spanish J TAP model 

3.3.5 Agent creation 

The population data is obtained from the census (https://www.ine.es/en/index.htm). We only 
consider Spanish residents and they are categorised based on age, gender and income. Four typical 
age ranges are considered, [0, 24], [25, 44], [45, 64] and > 65, 5-quantiles are considered for the 
income. These divisions, together with gender, result in a total of 40 categories. 

J-TAP works with agents. Agents are “architypes”: one agent per origin for each agent category. Then 
each agent is weighted by the number of people living in that origin that fall in that category.  

Finally, we have 40 agents per origin (717 origins in the model) and the sum of the weight of all these 
agents is equal to the Spanish population. 

3.3.6 Generation of agent plans 

As explained in section 3.1, J-TAP generates many plans for each agent during the optimisation. 
When generating these plans, the sequence of locations has to be decided (e.g., home - Madrid - 
home - Barcelona - home) and the type of activities performed in these locations have to be chosen. 
For each plan, J-TAP optimises the activity duration. Finally, the best plan is assigned to the agent. 

The Spanish travel plans have been extracted using the mobile network data provided by Orange 
Spain as the main data source (see data description in section 2.3.6). 
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A temporal analysis of where each type of agent spends the night throughout the year has been 
carried out. For this, an analysis of each individual Orange subscriber has been performed and the 
agent plan has been obtained. This plan consists in the sequence of locations where the agent 
spends the night throughout the year and the duration of each stay. 

Subsequently, the agents and their plans have been grouped based on the home location. The 
probability of performing a trip to each destination from each origin has been obtained.  

In Figure 51, the probability of performing a trip to each destination with origin in Valencia is 
represented. Valencia is represented as a white circle with a black dot in the middle, while the size of 
the orange circles indicates the probability of going to that destination. 

This probability distribution is used for the generation of agents’ plans. As a result, locations with 
higher mobile network data records will be more frequently assigned to the agent's list of plans. 

On the other hand, the type of activity has to be assigned. For this purpose, a trip characterisation 
based on duration and frequency has been performed. The distribution of trip duration for residents 
in Valencia has been calculated and expressed as a percentage in Figure 52. As observed, around 60% 
of the trips have a duration of less than or equal to 4 days. These trips may be related to weekends 
and bank holidays. On the other hand, the rest of trips are more uniformly distributed and are more 
related to the holiday period.  

Both types of trips have different patterns. In Figure 53, an analysis of the number of trips of each 
type performed by the residents in Valencia is shown. A “short-duration trip” is a trip with a duration 
less than or equal to 4 days, while a “long-duration trip” lasts more than 4 days. 

 

Figure 51: Probability of going to a destination if the home location is Valencia 
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Figure 52: Distribution of trip duration observed in the mobile phone data for Valencia residents 

 

 

Figure 53: Distribution of number of trips observed in the Spain mobile phone data for both types of 
activities and Valencia residents 

It can be observed that there is a high number of users that do not perform any long-duration trip 
and the percentage drops sharply as the number of trips increases. Also, there is a lot of variability in 
the number of short-duration trips made by agents. 

Consequently, three activities are considered in the model: (i) home; (ii) short-duration trip; and (iii) 
long-duration trip. These two types of trips are characterised based on the duration and frequency. 

3.3.7 Model calibration 

The Spanish model is calibrated against the mobile phone data provided by Orange. A longitudinal 
analysis from March 2019 to February 2020 (both inclusive) has been made to observe where the 
agents spends the night throughout the year. Apart from the sociodemographic characteristics, 
including age, gender and income, the information extracted from this analysis is: 

 Their home 

 Where they travel 

 How often they travel 

 How long they travel for 
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The annual plan of each individual agent is extracted. Using the sociodemographic data, each plan is 
assigned to an agent category. Finally, for each agent category we have a set of potential travelling 
patterns. An example of travelling patterns is presented in ¡Error! No se encuentra el origen de la 
referencia.. Each line represents the plan on an individual agent, where a square corresponds to one 
day and the colour is associated to the activity performed that day by the agent. Blue means that the 
agent spends the night at home, while green and yellow mean that the agent performs a short-
duration trip or a long-duration trip respectively. The grey square means that there is no mobile 
phone data for that agent and for that day. For example, agent N in Figure 54 performs the following 
sequence of activities during 29 days: 

1. Home: 11 days 

2. Short-duration trip: 1 day 

3. Home: 3 days 

4. Long-duration trip: 5 days 

5. Home: 3 days 

6. Short-duration trip: 2 days 

7. Home: 4 days 

 

Figure 54: Example of potential travel patterns 

The calibration against the mobile phone data has focused on: 

 Destination attractiveness 

 Mode choice 

 Trip duration 

 Longitudinal analysis 

For simplicity only the agents detected along the whole year have been considered. This implies that 
our final sample is over 6.5 million users, which represents around 14% of the population. Even so, 
the sample is still large enough to calibrate the full model within the temporal scope of this project. 
However, given the complexity of this task, the calibration has focused on modelling the 
long-distance travel patterns of one home location (Valencia). In terms of the model, this means that 
all the destinations are considered but only one origin. The selected origin is Valencia. Furthermore, 
as only one agent per category is considered in the model, the calibration has focused on the 
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aggregate values of the entire population, rather than attempting to calibrate each category 
separately. 

3.3.7.1 Destination attractiveness 

By analysing the long-distance trips of all the users, the temporal distribution of the number of trips 
for each destination has been obtained. The calibration of the attractiveness model had ¡ two goals: 

 To reproduce seasonal behaviour based on the characteristics of the destination. 

 To obtain attractiveness values in accordance with the number of trips attracted by each 
destination. 

The attractiveness parameters used in the Spain model are shown in Table 28. 

Table 28. Attractiveness parameters used in the Spain model 

Category Factor Seasonal function 

Sustenance 1 constant 

Accommodation 15 constant 

Tourist attraction 20 constant 

Cultural attractions 30 constant 

Mountain 500 winter-peak 

Coast 1500 summer-peak 

In the following figures, a comparison between the number of trips and the attractiveness during the 
year is presented for some destinations. 

https://www.sesarju.eu/


D6.1 IMPACT ASSESSMENT OF NEW INTERMODAL CONCEPTS AND 
PASSENGER INFORMATION SERVICES: CONCLUSIONS AND 
RECOMMENDATIONS 

 

   
 

Page I 87 
 

  
 

 

 

Figure 55: Comparison between the number of trips and the attractiveness during the year 

Long-distance travel patterns in Spain are characterised by a significant increase during the summer, 
with a higher demand for destinations near the coast, for instance, Palma or Ibiza. Therefore, the 
category "coast" is of great importance and it is affected by summer-peak seasonal function. On the 
other hand, mountain tourism is not so important in terms of total trips, but it is affected by a 
winter-peak seasonal function. All other categories included in the attractiveness model are 
considered to have no seasonal patterns. This assumption is explained by observing the fact that the 
number of trips attracted by the two most populated cities in Spain, Madrid and Barcelona, is nearly 
constant during the year (Barcelona suffers a slight increase during the summer because of its 
proximity to the coast). 

It is important to note that the attractiveness model is based on common facilities of the city, and it 
is not able to model exceptional characteristics of some destinations. For example, Seville celebrates 
a Festival of International Tourist Interest during May, which attracts thousands of tourists. 
Additionally, August is the typical vacation month in Spain, so the number of trips increases sharply 
during this month.  This should not be modelled on the attractiveness of the destinations, but on the 
time budget of the agents during this month. 
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3.3.7.2 Mode choice 

The parameters used to calculate the link weight according to the equations explained in section 
3.1.2.2 are shown in Table 29 and Table 30. 

Table 29. Cost of the modes considered in the Spain model 

 Car Train Plane Walk 

Travel time cost [€/h] 14.4 25.4 54.2 38.2 

Price [€/km] 0.18 0.13 0.13 0 

Table 30. Parameters of the Spain link weight 

Waiting time cost [€/h] 28.65 

Service perceived reliability [€/h] 2.865 

The parameters of the logit model used in the Spain model are presented in Table 31 

Table 31. Parameters of the logit model used in Spain model 

λ 2 

kair 120 

krail 60 

kcar 0 

To obtain the parameters mentioned above, the logit model has been calibrated using the 
origin-destination (OD) matrix obtained from the mobile phone data. Figure 56 shows the 
comparison between the resulting mode shares in the J-TAP model and the observed mode shares in 
the mobile phone data for some OD pairs. 
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Figure 56: Mode shares by OD pair 

3.3.7.3 Trip duration 

It is crucial that the simulated durations of activities meet the durations representing the real world, 
as the duration is the basis for distinguishing between short and long duration activities. The agent 
and J-TAP solver parameters are calibrated to align the average and variance of the activity duration 
in the model with the data observations.  

Figure 57 illustrates the duration distribution by activity type. As observed, good results for the 
median values are obtained for both cases, but more dispersion is missing, especially for 
long-duration trips. A potential improvement for the future would be to consider more agents in the 
model, opening up the possibility of achieving greater dispersion in the results. 
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Figure 57: Trip duration calibration results. 

3.3.7.4 Longitudinal analysis 

In addition to analysing activity duration, a longitudinal analysis by agent and category needs to be 
performed. Figure 58 illustrates the state of an agent during the year. Each agent has a state value 
and a state target per activity type. When an agent performs an activity of type i, the state associated 
with that activity increases, while the other states decrease. Therefore, an agent carries out a 
sequence and duration of activities in order to reduce its discomfort, i.e., the difference between the 
state and the target by activity during the whole year. 

When analysing the number of long-distance trips by agent and by activity, the box-plots of target 
data and simulated data are not as good as for the duration calibration (see Figure 58). This is due to 
the following: more than 100,000 samples for Valencia are extracted from the mobile phone data, 
but only 40 agents are considered. As observed in Figure 59, there is no common pattern regarding 
the number of long-distance trips during the year, which makes calibration very complicated.  

A future line of work will be to increase the number of agent categories considered in the model and 
to include more parameters in the C-TAP model to calibrate how agent state varies over the year. In 
this model, the increase in the value of the state depends slightly on the agent's perception, but the 
rate of decrease is the same for all agents. 
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Figure 58: Agent state by activity during the whole year 

 

 

Figure 59: Number of trips calibration results 
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3.4 Creating the baseline scenario of France 

3.4.1 Road network from OSM 

Analogous to the Spain model, the road network of France was obtained from OSM. The data is 
obtained from www.geofabrik.de, a website that stores ready-to-download copies of OSM datasets. 

3.4.2 Rail Network from GTFS 

Rail network GTFS data is obtained from the website of the national railroad company in France, the 
SNCF, at https://data.sncf.com/explore/?sort=modified&q=GTFS . 

The data used in the French model was downloaded on July 12th, 2022 and thus represents the 
schedule of that week. The day used is July 12th, 2022. For the France scenario, the TGV and Ouigo 
services are included. 

3.4.3 Air transport network 

As for the Spain case study, air transportation network data are obtained from Eurocontrol R&D 
data. 

3.4.4 Locations: origins and destinations 

In this scenario, the entire French territory must be covered, excluding the overseas departments. 
The “cities” defined here are different from the ones used in the Spain scenario (see section 3.3.4). 
We decided not to consider the towns based on their number of inhabitants, but to divide the study 
area based on the electoral zoning system [29]. The cities of Paris and Lyon, which are not present in 
this zoning system for administrative reasons, were added manually, but not further divided. 
Consequently, they are significantly larger in surface area and more populated than their 
surrounding zones.  

The “cities” were then defined as the geometric centroids of these zones. The final spatial system 
contains 1997 “cities”, which correspond to administrative areas covering between 2 and 2,459 km². 
This is represented in Figure 60. 
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Figure 60: Zonal system and “cities” in the France scenario. 

3.4.5 Creating the synthetic population 

The France scenario for long distance travel was created as an extension of the baseline Île-de-France 
eqasim scenario [13], presented in section 2.4. These scenarios differ in two aspects: first, the study 
area covers the 95 departments of mainland France and Corsica, and not only the 8 departments of 
Île-de-France, and the focus lies in long distance travel, not in day-to-day mobility.  

The population data comes from the census “Recensement de la population”, conducted over the 
entire French territory in 2015 [30]. Its sample size is around 30%. Only the observations 
corresponding to residents of mainland France are taken into account. 

The mobility data was obtained from a specific module of the ENTD [8] survey, already presented in 
section 2.4 in Table 7 and in 2.4.5. In this module (Chapitre 7 - Mobilité à longue distance, 
represented in data by the file K_voyage.csv), the participants were asked to provide general 
information about the long-distance trips (more than 80 km from their main residence) during the 
three months preceding the interview. Detailed information was collected only for a limited number 
of trips: the trips done in the four weeks preceding the interview, with a limit of 10 trips per 
respondent. The following trip purposes are considered: home, school trip, business, visits, shop, 
other, holiday. The pipeline was modified to provide more information on the transport mode and to 
accurately represent multi-day activity chains.  

The reweighting process and the statistical matching algorithm, which matches observations from 
ENTD with census samples, remain unchanged. 
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The activity locations assignment process was modified so as to comply with the new activity 
purposes, which are all considered as secondary activities. All “home” and “work” locations assigned 
to the agents are potential respective locations for “visits” and “business” activities. The locations 
suited with the other purposes are extracted from the BPE survey [31]. 

The output of this step consists of several csv and gpkg data sets gathering information about the 
synthetic households and agents, their homes, trips and activities. 

3.4.6 Deriving J-TAP inputs from the synthetic population 

The outputs of the eqasim pipeline can be used to derive the J-TAP inputs. First, the agents are 
categorised into the same categories that are used in the Spain scenarios, based on their age, gender 
and household monthly income. They are then aggregated based on the zonal system presented in 
3.4.4 to compute the weight of each agent category in each city or zone and rescaled based on the 
sample size used in the eqasim pipeline. 

The trips and activities data sets are filtered so that only the ones corresponding to a purpose of 
“home”, “visits” or “holidays” remain. The average duration of each activity type is computed for 
each agent category. The “activity cost”, “duration discomfort” and “percentage of time target” are 
set to default values.   

Finally, the trips data set is aggregated based on the origin and destination city to create the OD 
matrices, depending on the activity category or not. 

3.5 Methodological differences between the models of Spain and 
France 

Similar to the differences between the Madrid and Ile de France MATSim scenarios, the Spain and 
France J-TAP scenarios differ in how their agent population and its attributes and activity chains were 
generated. The Spain J-TAP scenario’s agent population has been derived from mobile network data, 
which provides rich detail in terms of destinations and duration of stays. The France J-TAP scenario’s 
agent population has been derived from the same collection of open data sources, government 
collected and maintained statistics as well as a HTS that had a module on long-distance travel. Thus, 
the France scenario’s base data has far less detail on destinations visited and the duration of the 
stays, since it has a much smaller sample of observed trips, which are also fairly coarsely located 
(only on the level of voting district, whereas the cell phone tower catchment areas used by the Spain 
model’s base data are generally much finer). However, using an HTS allows the France population’s 
activity chains to be richer in other details, such as knowing the exact purpose of each trip, allowing 
the categorisation of trip purposes to be drawn along “holiday”, “visit”, and “business” instead of 
being characterised by trip duration, potentially allowing a closer look at destination attractiveness 
and duration of trips by trip purpose in the future, compared to what would be possible with trips 
categorised by duration.  

The fact that the Spain model uses revealed trips from a large sample means that it did not require 
the statistical generation of trip chains to the same extent as the France model, in which all activity 
chains and their destinations are synthesised based upon the patterns found in the HTS. This may 
lead to the Spain model being more realistic with respect to passenger flows between regions, since 
the statistical matching used in the France scenario might overproduce certain relationships 
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compared to the Spain model, since it is working with a much smaller sample size of observed trips. 
However, lacking tracking data from France to validate against, it is not possible to test if this concern 
is actually well founded.  

The other difference is that the Spain scenario works with revealed preferences drawn from tracking 
data, whereas the France model works with revealed preferences drawn from a questionnaire. The 
benefit of the tracking data is that it provides actual, direct observations of behaviour. Answers to 
questionnaires are affected by the ability of the people surveyed to remember their past behaviour, 
and influenced by their willingness to be honest about this behaviour. The benefit of questionnaires 
is the ability to gather more detailed data about both the person and their trips, allowing more 
characteristics to analyse in this regard. Past studies [28] have shown that people underreport the 
number of long-distance trips they make when asked to describe them on questionnaires used in 
household travel surveys: so, any results of the France model should keep this in mind.  

In the future, it would be interesting to have a model generated using HTS data and validated against 
tracking data, or using a mix of both for both generation and validation, thus taking advantage of the 
strengths of both types of data. 

3.6 Description of the case study 

Given the availability of richest data and thus the possibility of obtaining a better calibrated model, 
the case study has been conducted using the J-TAP model of Spain. 

The period under study is a full year from March 2019 to February 2020 (both inclusive).  

The agents included in the model are those with their home located in the Valencia area. These 
agents perform a sequence of maximum 30 activities; these activities can be:  

 Home. 

 Short-duration trip. A trip with a duration of less than or equal to 4 days, which is typically 
associated with a weekend or bank holiday. 

 Long-duration trip. A trip with a duration higher than 4 days, which is typically associated with 
a vacation period. 

Agents can perform their activities in one of the 48 destinations distributed in the Spanish territory. 
This is illustrated in the following figure. 
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Figure 61: Origin and destination of the Spain case study 

Agents can use three different modes: car, rail and air, or a combination of them. Three different 
scenarios are simulated by modifying the public transport network: 

 Baseline. The current state of the network is considered and the actual long-distance travel 
patterns are obtained. 

 HSR connection with Madrid-Barajas airport. The long-distance travel patterns are modelled 
with hard measures, the high-speed rail is connected to Madrid-Barajas airport. 

 HSR connection with Madrid-Barajas airport and timetable synchronisation. The effects of the 
timetable synchronisation are modelled.  

These three scenarios are illustrated in the figure below. 

 

Figure 62: Spain case study: scenarios 
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HSR connection with Madrid - Barajas airport 

At the present moment, a passenger who arrives at one of the Madrid HSR stations and wants to 
take a flight has to transfer to the commuter rail, take a taxi ride or use another public transport 
service (slower than the commuter train). 

By connecting the HSR to the airport, the transfer time and the travel time will be reduced, which will 
contribute to a seamless door-to-door journey. In Figure 63, the train stations, the airport and the 
future HSR line are represented. 

 

Figure 63: Future HSR connection to the Madrid-Barajas airport  

The times associated to this leg of the journey are: 

 Travel time. By using commuter train, the travel time from Madrid-Chamartín or 
Madrid-Puerta de Atocha to the airport are 15 and 29 minutes respectively. By using the HSR, 
these values are estimated to be 5 and 10 minutes respectively. 

 Transfer time. There is a transfer time between HSR (conventional long-distance rail) and 
commuter rail. A 5 minutes transfer time is considered for both train stations. By connecting 
the HSR with airport, the transfer time is removed. 

 Optimal connection time. Ideally, a passenger needs 90 minutes to do all the activities 
associated with the airport: check-in, security control, go to the gate, etc. 

 Waiting time. There is no coordination between modes for both cases, so the waiting time 
does not vary. 
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HSR connection with Madrid-Barajas airport and timetable synchronisation 

The intermodal solution air-rail timetable synchronisation tool described in section 3.2  is applied to 
the previous scenario. A HSR connection to the Madrid-Barajas airport is considered together with 
air-rail timetable synchronisation. 

The assumption that passengers choose direct connections if they are accessible is made. Thus, a 
pre-processing step was made to target only itineraries with unavoidable connections. 

 

Figure 64: Example of connection between Valencia and Barcelona 

For instance, assume that a direct connection by flight exists between Barcelona (BCN) and Valencia 
(VLC) (see green edge in Figure 64). We do not consider optimising a connection between a train 
from Barcelona to Madrid and a flight from Madrid to Valencia (red edges on Figure 64). However, if 
no direct flight between two cities exists, then the connection is considered in the optimisation 
phase. The times associated to this leg of the journey in both cases are: 

 Travel time. The same as for the HSR connection with Madrid-Barajas airport scenario. 

 Transfer time. The same as for the HSR connection with Madrid-Barajas airport scenario, so 
there is no transfer between HSR and commuter train. 

 Optimal connection time. Ideally, a passenger needs 90 minutes to do all the activities 
associated with the airport: check-in, security control, go to the gate, etc.  

 Additional waiting time (beyond the 90 minute “ideal transfer time”). By analysing the 
connections considered in the Spain air-rail timetable synchronisation, an average additional 
waiting time of 89 minutes before coordination is obtained (see section 3.1.2). When applying 
the intermodal solution, this waiting time improves. In the ideal case, waiting time will be 0. 

A summary of the different times per scenario are included in the following table. 
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Table 32. Summary of the transfer times between rail and air 

Scenario 
 

Train station Travel time 
[minutes] 

Transfer 
time 

(HSR - 
commuter 

train) 
[minutes] 

Optimal 
connection 

time [minutes] 

Additional 
Waiting 

time 
[minutes] 

Total 
[minutes] 

Baseline Madrid 
Chamartin 

15 5 90 89 199 

Madrid Puerta 
de Atocha 

29 5 90 89 213 
 

HSR 
connection 

Madrid 
Chamartin 

5 0 90 89 184 

Madrid Puerta 
de Atocha 

10 0 90 89 189 

HSR 
connection + 
schedule 
coordination 

Madrid 
Chamartin 

5 0 90 0 95 

Madrid Puerta 
de Atocha 

10 0 90 0 100 

3.7 Main results 

Figure 65 shows the link flows. The colour indicates the mode and the intensity of the colour is 
associated with the number of passengers using the link during the whole year. As observed, the 
long-distance patterns are aligned with the empirical observation shown in Figure 51. 

 

Figure 65: Link flows obtained in the Spain baseline scenario 
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In order to show clear and representative results, the analysis presented here focuses on an OD pair. 
The selected pair is Valencia-Lanzarote. This is a good example of a multimodal trips since there is no 
direct flight from Valencia to Lanzarote, so all trips will include the leg: Madrid-Barajas airport - 
Lanzarote airport. The options to perform this door-to-door trip that have been considered are: 

 Rail-Air. The passenger goes from Valencia to Madrid by rail and from Madrid to Lanzarote by 
air. 

 Road-Air. The passenger goes from Valencia to Madrid by road and from Madrid to Lanzarote 
by air. 

 Air-Air. The passenger goes from Valencia to Madrid and from Madrid to Lanzarote by air. 

Table 33. Rail - Air door-to-door journey (part 1) 

  Home Valencia - 
Joaquin 
Sorolla 

Madrid - 
Puerta de 

Atocha 

Passenger at 
Madrid - 
Barajas 
airport 

Check-in 

    Leg Acc. Leg Acc. Leg Acc. Leg Acc. Leg Acc. 

Rail - Air 
Baseline 
[part 1] 

Time 
[minutes] 

0 0 17 17 100 116 29 145 5 150 

Generalised cost 
[€] 

0 0 10.57 11 93.5 104 27.68 132 3.18 135 

Table 34. Rail - Air door-to-door journey (part 2) 

  Passenger at 
gate 

Flight 
departure 

Flight arrival Passenger 
egress 

Destination 

    Leg Acc. Leg Acc. Leg Acc. Leg Acc. Leg Acc. 

Rail - 
Air 
Baseline 
[part 2] 

Time 
[minutes] 

90 240 89 329 163 492 60 552 30 582 

Generalised 
cost [€] 

42.97 178 42.5 220 95.76 316 28.64 345 6.95 352 

Table 35. Road - Air door-to-door journey 

  Home Passenger 
at Madrid - 

Barajas 
airport 

Check-in Passenger 
at gate 

Flight 
departure 

Flight 
arrival 

Passenger 
egress 

Destinatio
n 

   Leg Acc Leg Acc Leg Acc Leg Acc Leg Acc Leg Acc Leg Acc Leg Acc 

Road 
- Air 

Time 
[minutes] 

0 0 213 213 5 218 90 308 0 308 163 471 60 531 30 561 

Generalised 
cost [€] 

0 0 156 156 83 239 43 282 0 282 96 378 29 406 7 413 
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Table 36. Air - Air door-to-door journey 

  Home Check-in VLC-MAD 
Flight 
departure 

VLC-MAD 

Flight 
arrival 

MAD-ACE 
Flight 
departure 

MAD-ACE 

Flight 
arrival 

Passenger 
egress 

Destination 

   Leg Acc. Leg Acc. Leg Acc. Leg Acc. Leg Acc. Leg Acc. Leg Acc. Leg Acc. 

Air 
- 
Air 

Time 
[minutes] 

0 0 28 28 90 118 65 183 120 303 163 466 60 526 30 556 

Generalised 
cost [€] 

0 0 6 6 43 49 72 122 57 179 96 275 29 304 7 311 

Using the logit model calibrated in the Spanish model, the probability of each alternative is obtained. 
Since the leg Madrid-Lanzarote is the same for all the flights and the logit model has not been 
calibrated for combination of modes, only the generalised cost associated to the first leg 
(Valencia-Madrid) is considered. The probability of selecting each mode for the first leg of the 
door-to-door journey is represented in Figure 66. As observed, the probabilities are very similar 
between the three modes. 

 

Figure 66: Modal shares in the first leg of the door-to-door journey. 

The following tables show efficiency and environmental impact indicators for the different 
intermodal options in the baseline scenario. As observed, the option rail-air is the one with the 
highest total travel time. Note that 47% of the total travel time is due to transfer and waiting. 
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Table 37. Efficiency indicators 

KPI Rail - Air baseline Road - Air Air - Air 

Total travel time [minutes] 582 561 556 

Total generalised cost [€] 349 413 311 

Ratio in-vehicle time/total travel time 45% 67% 41% 

Ratio waiting time/total travel time 41% 27% 49% 

Ratio transfer time/total travel time 6% 1% 0% 

Ratio access-egress time/total travel time 8% 5% 10% 

Pax. time efficiency 81% 85% 85% 

CO2 emissions have been calculated by considering the modes shares shown in Figure 66, the CO2 
emissions per km per passenger as indicated in Table 38, the distance travelled by each mode shown 
in Table 39 and the number of passengers that travel from Valencia to Lanzarote during the whole 
year. Results are presented in Table 40. 

Table 38. CO2 emissions per passenger-km for different modes 

 CO2 emissions per passenger-km 
(g/pax-km) 

Rail 28.39 

Car 101.61 

Air 244.09 

Table 39. Distance for different modes 

 Valencia - Madrid Madrid - Lanzarote 

Rail [km] 303 - 

Car [km] 351 - 

Air [km] 286 1,552 

Table 40. CO2 emissions in the baseline scenario 

 Valencia - Madrid Door-to-door journey 

Baseline [CO2 kg] 121,633 1,387,676 
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3.7.1 Baseline scenario and timetable synchronisation 

A focus on synchronisation with trains arriving from Valencia is made on June 26, 2019. For that day, 
12 trains are scheduled to arrive from Valencia at Madrid-Puerta de Atocha and 600 flights are 
scheduled to depart from Madrid-Barajas airport. Among these flights only the ones with a Spanish 
destination are considered for synchronisation. As detailed above, only flights with a destination not 
directly accessible from Valencia by air will be synchronised. Moreover, as the deviation in timetable 
is bounded to +/- 15 minutes to limit the impact on airlines and railway operators, we focus on 
improving connections that could have been initially chosen by passengers. More precisely, we 
assume that passengers consider a connection as feasible if the next leg is within a certain time 
window ranging from a minimum connection time tmin and a maximum connection time tmax. Figure 
67 illustrates this assumption. 

 

Figure 67: Set of potential connecting flights with an arriving train I (flights above the green triangle) 

The minimum connection time tmin is computed as: 

tmin = transfer time + minimum airport processing time 

In the same manner, topt is computed as: 

topt = transfer time + maximum waiting time acceptable for passengers 

The minimum airport processing time and the maximum waiting time acceptable for passengers are 
set to 45 minutes and 270 minutes respectively. The transfer time corresponds to the 5 minutes 
transfer time from Madrid-Puerta de Atocha train station to the commuter rail plus the 29 minutes 
of transfer time. 

These assumptions led us to optimise 120 potential connections. Results in terms of connection time 
are presented below. 

Table 41. Average deviation (in min) from optimal connection time before and after optimisation 

Initial schedule Optimised schedule 

Under topt Above topt Under topt Above topt 

-23 89 -16 75 
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Table 41 corresponds to the average deviation to the optimal connection time before and after the 
optimisation. Connections above topt correspond to connections with a connection time greater than 
topt. In the same manner, connections under topt correspond to connection with a connection time 
lower than topt.  Before optimisation, on average the additional waiting time is 89 minutes. This 
waiting time is reduced to 75 minutes after the schedule synchronisation tool is performed. At the 
same time, short connections were on average 23 minutes away from the optimal connection time. 
This difference also decreased after optimisation. These results are obtained by shifting flights and 
trains on average 7 minutes from their initial scheduled time. 

3.7.2 HSR connection with Madrid-Barajas airport and timetable 
synchronisation 

A comparison of the Rail-Air option is made for the three scenarios. The door-to-door analysis 
performed for each scenario is presented in Table 42. For simplicity, only the stages of the door-to-
door journey that change between scenarios have been included. Therefore, the connections 
between Madrid-Puerta de Atocha and the Madrid-Barajas airport, and the stage between the 
passenger arrival at the gate and the flight departure are included. Finally, the total time and cost are 
included. The purpose of this analysis is to show the full potential of the air-rail timetable 
synchronisation tool, so an ideal coordination has been considered. This allows us to estimate the 
order of magnitude of the improvement that could be achieved thanks to timetable synchronisation. 

Table 42. Rail-Air door-to-door journey comparison between scenarios 

  Passenger at Madrid - 
Barajas airport 

Flight departure Destination 

    Connection 
cost 

Accumulated 
cost 

Connection 
cost 

Accumulated 
cost 

Accumulated 
cost 

Rail - Air 
Baseline 

Time 
[minutes] 

29 145 89 329 582 

Generalised 
cost [€] 

28 132 42 220 352 

Rail - Air 
HSR 

Time 
[minutes] 

10 126 89 310 563 

Generalised 
cost [€] 

9 113 42 201 333 

Rail - Air 
HSR + 
synchronisation 

Time 
[minutes] 

10 126 0 221 474 

Generalised 
cost [€] 

9 113 0 159 290 

Figure 68 and Figure 69 show the accumulated time and generalised cost over the stages of the 
door-to-door journey. 
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Figure 68: Accumulated time over the door-to-door journey. 

 

 

Figure 69: Accumulated generalised cost over the door-to-door journey 
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The HSR connection with the Madrid-Barajas airport and the timetable synchronisation measure 
reduce the total travel time and the generalised cost, which has a direct effect on the mode shares. 
Figure 70 illustrates the mode shares for each scenario. As observed, with perfect air-rail 
coordination the rail mode share increases by almost 20%. 

 

Figure 70: Mode shares in the first leg of the door-to-door journey by scenario 

The mode shares influence CO2 emissions. A comparison of emissions on the Valencia-Madrid leg 
over the whole year for the three scenarios is presented in the following table. 

Table 43. CO2 emissions in the baseline scenario 

 CO2 [kg] Variation [%] 

Baseline 121,633 0 

HSR 115,310 -5.2 

HSR + synchronisation 95,499 -21.5 

Finally, Table 44 presents the efficiency indicator for all options and scenarios. As it can be seen, 
efficiency is currently 81% of what it could be with a fully coordinated public transport system. 
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Table 44. Efficiency indicators by scenario and option 

KPI Rail - Air Road - Air Air - Air 

Baseline HSR HSR + 
synchronisation 

Total travel time 582 563 474 561 556 

Total generalised cost 352 333 290 413 311 

Ratio in-vehicle time/total travel time 45% 47% 55% 67% 41% 

Ratio waiting time/total travel time 41% 42% 32% 27% 49% 

Ratio transfer time/total travel time 6% 3% 3% 1% 0% 

Ratio access-egress time/total travel 
time 

8% 8% 10% 5% 10% 

Pax. time efficiency 81% 84% 100% 85% 85% 
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4 Conclusions  

4.1 Conclusions about TRANSIT solutions 

The case studies described in this document have allowed us to extract a number of conclusions 
about TRANSIT’s Intermodality Assessment Framework: 

1. The algorithms developed for the reconstruction of door-to-door trips from mobile network 
data have shown an enormous potential to provide a rich characterisation of long-distance 
travel behaviour. Access to longitudinal data enables the implementation and calibration of 
agent-based simulation models, whose calibration would be unfeasible with traditional, 
cross-sectional data sources.  

2. The two enhanced models for the simulation of urban daily mobility (MATSim) and 
long-distance trips demand (J-TAP) have proved to be a suitable tool for assessing 
multimodal systems and intermodal solutions. 

a. The enhanced version of MATSim is able to provide a sandbox for testing different 
disruption scenarios in a realistic manner. This provides the developers of operational 
tools with the opportunity to discover corner cases and situations they may not have 
considered initially. In particular, MATSim proved useful to assess the resilience of the 
surface transport network and the responses of travellers under disruptive conditions. 
This is a good starting point for further developing the tool to test a variety of unplanned 
disruption scenario. On the other hand, MATSim’s assumption of a full knowledge of the 
network and perfectly rational behavior from the agents when reacting to disruptions 
may lead to over optimistic results (lower reaction and travel times than actual) when 
assessing the impact of a disruption. This is an aspect that should be revisited and 
enhanced in future research. 

b. J-TAP has high potential to simulate long-distance travel demand. The Spain scenario 
showed a reasonable match along all calibration criteria, being able to reproduce 
seasonal variations in destination choice, modal split, number of trips, and trip length 
distribution. The model allowed us to assess the performance impact of the rail-air 
timetable coordination for a case study focused on the Valencia-Lanzarote OD pair. This 
pair is not connected by a direct flight, but requires a transfer at the Madrid airport.  

The calibration of the model was a challenging problem, as it required longitudinal travel 
demand data over a period of several months. This problem was overcome thanks to the 
access to one year of mobility diaries obtained from mobile network data. The 
complexity of the model, which aims to reconstruct not only destination and mode 
choices but also trips cycles (frequency and length of trips along a year) for each 
traveller type (defined by its age, residence place, income, etc.), together with the 
variety of travellers typologies, results in a complicated and computationally heavy 
calibration process. This experience revealed the potential of mobile network data for 
the study of long-distance mobility, which is more related to sporadic activities and 
therefore requires the analysis of longer periods of time compared to daily mobility. The 
experiment also revealed the need to continue evolving the J-TAP model to reduce its 
complexity and increase the variety of agent behaviours. 
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Finally, it is worth highlighting that the proposed modelling framework can be directly applied to 
other regions provided that the required data is available. Two different approaches have been 
discussed for the generation of traveller’s diaries: either from mobile network data or from open 
data sources. Also the calibration process as well as the definition of certain utility functions (e.g., the 
attractiveness function of J-TAP) should be adapted to the context of the region and problem under 
study.. 

The TRANSIT Intermodal Timetable Synchronisation solution has the potential to not only reduce 
total door-to-door travel time and generalised travel cost, but also to cause a significant modal 
transfer from feeding flights to train. This solution not only has a positive impact on the Efficiency, 
Punctuality and Predictability as well as the Resilience of the multimodal trips. The modal change 
reduces CO2 emission and the pressure on airport capacity. 

The Intermodal Disruption Management solution (AMAN/DMAN Ground Tool) for tactical 
management of unplanned disruptions demonstrated its potential for reducing the number of 
stranded passengers without substantially affecting airport operations. This could help add value to 
air travel, even without formal schedule coordination. This tool assumes information transfer 
between ground transport operators and the AOC. The mechanism for information sharing has not 
been developed in this project and should be the topic of future research activities. 

4.2 Conclusions about the impact of the proposed intermodal 
solutions on the regions under study 

Specific conclusions of the regions under study were also extracted from the implementation of the 

case studies. These are summarised below: 

1. Simulation of the disruption of a major transport line. The analysis of the disruption of the rail 

line RER-B, which runs from the centre of Paris to the Terminals 2 and 3 of the CDG airport 

revealed that the current transport system of Ile de France region is quite resilient. The system 

allows passengers both with and without prior information to re-route very efficiently without 

causing mayor delays. Less than half of the passengers directly affected by the disruption 

suffered a delay of more than 10 minutes. The disruption was simulated together with a 

measure of passengers’ disruption notification (push notice of it). Different percentages of 

informed passengers were notified, the rest learning about the disruption when getting to the 

disrupted line. For both case studies: disruption of RER-B in Ile de France region and the 

disruption of the metro line connecting the city with MAD airport, no major differences were 

noticed in terms of delay of passengers with or without previous information. This may be an 

artefact of MATSim travellers having full knowledge of the network and presenting fully 

rational behaviours and should be further investigated in future research. 

2. Simulation of the rail-air timetable synchronisation for the Valencia-Lanzarote OD pair. The 

Valencia-Lanzarote pair was chosen to test the impact of the rail-air timetable synchronisation. 

There is not a direct flight from Valencia to Lanzarote, so the fastest option involves flying from 

Madrid to Lanzarote. Optimal synchronisation between the Valencia-Madrid rail services and 

the Madrid-Lanzarote flights was tested together with the direct connection (under 

construction) of HSR with the airport. The optimised rail-air timetable caused a substantial 

modal shift, boosting rail modal share from 35% to up to 50% in the Valencia-Madrid leg. 
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5 Recommendations 

5.1 Recommendations for the future development and exploitation 
of TRANSIT’s Intermodal Assessment Framework 

When developing new operational solutions such as the ones suggested by TRANSIT, it is highly 

beneficial to use a modelling framework that provides a sandbox for testing the new solutions under 

different scenarios whose results are not always predictable a priori. Agent-based models provide 

the developers of operational tools with the opportunity to discover corner cases and situations they 

may not have considered initially. The results obtained with the TRANSIT’s Intermodal Assessment 

Framework are highly promising. Future improvements of this toolset so that it can be used in an 

operational context should include: 

1. Enhancement of the data analytics techniques for the characterisation of long-distance 
travel. The approach developed by TRANSIT could be further developed to enrich the 
characterisation of passengers and trips, e.g. by analysing other relevant features such as 
household composition and group travel. 

2. Enhancement of MATSim. The MATSim version developed by TRANSIT allows for the 
simulation of simple disruption scenarios. If more sophisticated scenarios are to be simulated, 
the models should be revisited and enhanced. Also, the modelling of travellers’ reactions 
(re-routing or mode transfer) to information on disruptions, now immediate, should be 
revisited and improved based on behavioural studies. Finally, the current MATSim model 
should be further developed to deal with new forms of mobility for airport access, such as 
shared mobility, urban air mobility, etc. 

3. Enhancement of J-TAP. The “attractiveness” function used to generate the long term activity 
diaries has been specially developed for the case of Spain. This function is still very basic and it 
would benefit from further behavioural studies to support and refine some of the assumptions 
made (e.g., the number of restaurants or accommodations being an explanatory variable of 
the region attractiveness, etc.). More generally, further research is needed to automate and 
facilitate the J-TAP calibration process. 

5.2 Recommendations for the future development and exploitation 
of the proposed intermodal solutions 

TRANSIT’s TRANSIT Intermodal Timetable Synchronisation and Intermodal Disruption Management 

solutions have shown a great potential to improve the quality, efficiency and resilience of the 

door-to-door passenger journey. To keep on developing these solutions and bringing them to higher 

technology readiness levels, they should be tested in a wider variety of scenarios and validated in a 

more exhaustive manner. As an example, the current version of the TRANSIT Intermodal Timetable 

Synchronisation solution only considers the synchronisation of one rail-air connection; future 

research is needed to consider several airports and train stations in order to address network effects, 

which may raise new challenges related to the formulation and implementation of the optimisation 

algorithms. 
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