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TRANSIT  
TRAVEL INFORMATION MANAGEMENT FOR SEAMLESS INTERMODAL 
TRANSPORT 

This document is part of a project that has received funding from the SESAR3 Joint Undertaking 
under grant agreement No 893209 under European Union’s Horizon 2020 research and innovation 
programme. 

 

 

Abstract  

This document is the Final Project Results Report of the TRANSIT project. The document provides an 
overview of the project, including its objectives and the work performed, in particular: (i) the 
research done on intermodal concepts and the proposed intermodal solutions, based on information 
sharing between air transport and other transport modes; (ii) the proposed multimodal performance 
framework; (iii) the development of new algorithms for multimodal trip reconstruction from big data 
sources; (iv) the enhancement of the MATSim agent-based simulation framework for the modelling 
of  daily mobility and the J-TAP agent-based simulation framework for the modelling of long-distance 
travel; (v) the development of two tools, the TRANSIT Intermodal Timetable Synchronisation tool and 
the TRANSIT Intermodal Disruption Management Tool (also referred to as AMAN/DMAN Ground 
Tool, ADGT), to implement the proposed intermodal concepts; (vi) the application of the enhanced 
tools to two case studies in Spain and France in order to test the proposed solutions and 
demonstrate the potential of the TRANSIT toolset for multimodal simulation and performance 
assessment. The link between the work done and the objectives of the SESAR program is discussed, 
providing an assessment of the overall maturity of the project. Finally, the project conclusions and 
lessons learnt are presented to the reader, together with a set of proposals for the future extension 
of the research carried out by TRANSIT. 
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1 Executive summary 

TRANSIT’s vision is that of a multimodal European transport system where the different modes are 
seamlessly integrated, so that passengers travel from door to door in an efficient, sustainable and 
resilient manner. Realising this vision requires coordinated planning and collaborative 
decision-making across transport modes, as well as multimodal information systems that allow 
passengers to plan and reconfigure their journeys in real time. The goal of TRANSIT was to develop a 
set of multimodal key performance indicators (KPIs), mobility data analysis methods and transport 
simulation tools that enable 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 were 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 allows a comprehensive assessment of intermodal solutions in terms of the 

proposed multimodal KPIs. 

5. Assess the expected impact of the proposed intermodal concepts and derive guidelines and 

recommendations for their practical development and implementation. 

The work carried out by TRANSIT has translated into three main solutions: 

 The TRANSIT Intermodality Assessment Framework, which enables the evaluation of the 
impact of innovative intermodal transport solutions on the quality, efficiency and resilience of 
the door-to-door passenger journey. The framework consists of: (1) a set of multimodal, 
passenger centric, door-to-door performance indicators encompassing, among other aspects, 
travel time, travel time reliability, affordability, environmental impact and resilience; (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. 

 The TRANSIT Intermodal Timetable Synchronisation solution, which enables the design of 
synchronised timetables between air transport and ground public transport modes. The 
solution consists in 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. 

 The TRANSIT Intermodal Disruption Management Tool (AMAN/DMAN Ground Tool), which 
provides a mechanism for information sharing and coordination between ATM and ground 
transport suppliers for the tactical management of unplanned disruptions in the airport access 
modes, such as an unexpected rail or subway shutdown. 
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The potential of these solutions has been evaluated through two case studies: (i) a first case study 
focused on Île-de-France, where the TRANSIT Intermodal Disruption Management Tool was 
evaluated by simulating a disruption of the commuter train service rail line “RER B” connecting the 
city centre of Paris with Terminal 2 and Terminal 3 of Paris Charles de Gaulle Airport using a MATSim 
model; and (ii) a second case study focused on Spain, where the TRANSIT Intermodal Disruption 
Management Tool was evaluated using a J-TAP model of Spain, focusing on the Valencia-Lanzarote 
origin-destination pair.  These case studies have delivered a number of valuable results: 

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

 The MATSim model for the Île de France region has revealed that the current transport 
network is already quite resilient under 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. The system allows passengers 
both with and without prior information to re-route very efficiently without causing mayor 
delays. The implementation of the TRANSIT Intermodal Disruption Management tool in this 
disrupted scenario showed that a good AMAN/DMAN coordination has a great potential in 
reducing the number of stranded passengers without substantially affecting airport 
operations. 

 The implementation of the enhanced J-TAP for Spain demonstrated the potential of the tool 
to simulate long-distance travel demand. The Spain scenario showed reasonable matches 
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. Optimal schedule coordination, together with a direct connection 
between the HSR and the Madrid-Barajas airport, resulted in a modal shift that boosted the 
rail modal share from 35% to over 50% in the Valencia-Madrid leg, illustrating the potential of 
the TRANSIT Intermodal Timetable Synchronisation solution. 

Finally, the project has identified several avenues for future research: 

1. Improvement of user profiling and multimodal trip reconstruction. The algorithms developed 
for multimodal trip reconstruction from the fusion of big data sources allowed us to advance 
the state-of-the-art in the exploitation of mobile network data for the analysis of long-distance 
travel. In future research projects, fusion with other data sources and new data analysis 
techniques will be investigated for further enrichment of the trip characterisation, looking at 
other features such as group travel.  

2. Improvement of the modelling of multimodal travel. The implementation of the enhanced 
models of MATSim and J-TAP has shown a great potential to assess the impact of intermodal 
solutions. However, further research is needed to bring these models to the point in which 
they can be used in operational contexts, especially regarding the refinement of some 
modelling assumptions and the improvement of the calibration process.  

3. Research on mechanisms for information sharing and governance. One of the main issues to 
be addressed for the implementation of intermodal solutions is the lack of incentives and 
governance models. Further research on governance and economic aspects is needed to 
address this problem. 
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2 Project overview 

2.1 Operational/technical context 

The paramount goal of the European transport policy is to “establish a system that underpins 
European economic progress, enhances competitiveness and offers high quality mobility services 
while using resources more efficiently”. To achieve this goal, European policy documents place a high 
emphasis on the need for further integrating different passenger transport modes to provide 
seamless multimodal door-to-door travel and facilitate better modal choices. The challenge is to 
create the conditions for travellers to reach their destination by using the most efficient combination 
of modes. In line with this objective, the long term vision for the European aviation sector outlined in 
the report ‘Flightpath 2050 - Europe’s Vision for Aviation’ envisages a passenger-centric air transport 
system thoroughly integrated with other modes and able to take travellers and their baggage from 
door to door predictably and efficiently, making it possible for 90% of travellers within Europe to 
complete their door-to-door journey within 4 hours. 

One of the key requirements to realise this vision is the development of interconnected platforms 
and services that enable coordinated planning and collaborative decision-making across transport 
modes through the sharing of information at both the planning (e.g., schedule synchronisation) and 
the operational level (e.g., disruption management). The integration of information on the estimated 
times of departure and arrival of different modes, travel times, routing alternatives and intermodal 
transfer times would also facilitate the development of enhanced passenger information services. 
Such services would enable simpler and more reliable transfers and would allow the passengers to 
plan and reconfigure their journeys in real time, including transfer to alternative modes, thus 
rendering the transport system more resilient against disruptive events.  

During the last decade, different European initiatives on traffic management and information 
systems have been put in place, leading to a qualitative leap forward in the quality of the information 
available for each individual transport mode. Relevant examples are SESAR, Shift2Rail, the 
SafeSeaNet programme of the European Maritime Safety Agency, and the development of 
specifications for the provision of EU-wide safety related traffic information and real-time traffic 
information. In parallel, research on multimodal transport information services has focused on 
multimodal journey planners and, more recently, with the emergence of Mobility-as-a-Service 
(MaaS), on the provision of unified gateways to plan and pay for a full door to door journey 
combining different available services, most often through a mobile app. However, other 
opportunities to leverage the value of traffic management data have so far received less attention. 
This is particularly true in the case of aviation, where questions such as how to exploit ATM 
information to improve coordination with other transport modes, as well as how to take into account 
information from other modes in ATM decision-making processes, remain largely unexplored. The 
TRANSIT project was conceived to address these opportunities. 

2.2 Project scope and objectives 

The goal of TRANSIT was to develop a set of multimodal 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. 
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The specific objectives of the project were 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 

enabling 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 allows a comprehensive assessment of intermodal solutions in terms of the 

proposed multimodal KPIs. 

5. Assess the expected impact of the proposed intermodal concepts and derive guidelines and 

recommendations for their practical development and implementation. 

2.3 Work performed 

The TRANSIT work packages and their interdependencies are shown in the figure below. 

 

Figure 1. Work flow and interdependencies between work packages 

Table 1 presents the relation between the project’s objectives and the different work packages. 
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Table 1: Relation between objectives and work packages  

Related objective Associated 
tasks 

Associated deliverables 

O1. Propose innovative intermodal transport 
solutions based on information sharing and 
coordinated decision making between air transport 
and other transport modes. 

WP2 D2.1 ATM Role in Intermodal Transport: 
Opportunities for Innovative Intermodal 
Concepts and Passenger Information 
Services 

O2. Develop multimodal KPIs to evaluate the 
quality and efficiency of the door-to-door 
passenger journey 

WP3 D3.1 Multimodal Performance 
Framework 

O3. 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. 

WP4 D4.1 Methodologies and Mobility 
Analytics Algorithms for the Analysis of 
the Door-to-Door Passenger Journey 

O4. Develop a modelling and simulation 
framework for the analysis of long-distance travel 
behaviour that allows a comprehensive 
assessment of intermodal solutions in terms of the 
proposed multimodal KPIs. 

WP5 D5.1 TRANSIT Modelling and Simulation 
Framework 

O5. Assess the expected impact of the proposed 
intermodal concepts and derive guidelines and 
recommendations for their practical development 
and implementation 

WP6 D6.1 Impact Assessment of New 
Intermodal Concepts and Passenger 
Information Services: Conclusions and 
Recommendations 

The detailed description of the work performed in each work package is presented below. 

2.3.1 WP1 Management 

The purpose of WP1 Management was to manage and coordinate the project so as to ensure the 
achievement of the project goals within agreed time, cost, and quality. WP1 has been led by 
Nommon, as Project Coordinator, with the support of the rest of TRANSIT partners. 

The work done in WP1 includes: 

 Overall project management and coordination: Nommon, as Project Coordinator, has been in 
charge of the planning and monitoring of the project, tracking of deliverables and daily 
management (coordination, distribution of documents, meeting set-up, etc.). 

 Preparation of D1.1 Project Management Plan: D1.1 was prepared by Nommon and submitted 
in June 2020. The document was later on updated in accordance with the comments received 
from the SJU and was approved in September 2020. 

 Preparation of D1.2 Data Management Plan, a document that describes the data management 
life cycle for the data to be collected, processed and generated by the TRANSIT project. The 
document was submitted in November 2020 and approved in December 2020. 

 Selection of the External Experts Advisory Board (EEAB): in August 2020, all members of the 
Consortium proposed a tentative list of members of the EEAB. The tentative list was 
contrasted with SJU and invitations were sent, leading to the actual composition of the EEAB. 

 Preparation of D1.3 Final Project Results Report. 
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2.3.2 WP2 Definition of innovative intermodal concepts and passenger 
information services 

The goal of WP2 was to define a set of new intermodal concepts and information services based on 
information sharing between ATM and other modes, and specify our approach for the evaluation of 
these new solutions. The specific objectives were to: (i) analyse the drivers for the evolution of 
intermodal transport; (ii) identify promising concepts based on common situational awareness across 
modes; (iii) outline new passenger information services enabled by the proposed information sharing 
mechanisms; (iv) specify a set of case studies to evaluate the expected benefits and risks of the new 
intermodal concepts under different possible scenarios. 

The work done to accomplish these objectives includes the following tasks: 

 First, we conducted a literature review of European policy trends related to transport and 
mobility and performed an analysis of the factors that may influence the evolution of 
intermodal transport in the coming years. Three types of factors were identified: factors 
related with personal attitudes and trends, such as environmental concerns, changes in the 
value of time, etc.; authorities’ interventions, such as banning of feeder flights, liberalisation of 
rail services, investment in transport infrastructures for better connections, etc.; and 
technological advances and access to information services. The emergence of faster, cheaper 
and reliable transport modes as well as access to better information on the available modes 
and the system state are expected to help users choose the best mode or combination of 
modes to reach a given destination. 

 A review of existing intermodal mechanisms was conducted to identify critical points of 
multimodal journeys where improvements might be made. Based on this analysis, a variety of 
coordination mechanisms between ATM and the ground transportation system were 
proposed at both the strategic and the tactical level. 

 The consortium also defined a set of innovative passenger information services. These include 
services for the provision of information on the time to reach a particular airport gate, transfer 
times between one leg and the next one and the reliability of such connection, how to get 
through the airport to the gate, etc. 

 A set of the case studies was specified. The case studies were selected based on their 
relevance as well as on ensuring that they can be modelled using the simulation framework 
developed by TRANSIT. The selected case studies were: (i) strategic schedule coordination 
schemes; (ii) disruption response plans based on dynamic scheduling mechanisms aiming to 
minimise the impact on the passenger. 

2.3.3 WP3 Development of multimodal performance indicators 

The goal of WP3 was to define a set of performance indicators and metrics enabling a thorough 
assessment of the quality, efficiency and resilience of the total door-to-door passenger journey. The 
specific objectives were to: (i) propose a set of passenger-centric indicators and metrics able to 
properly capture the performance of the total door-to-door journey as well as the contribution of the 
different transport modes and the connections between them; (ii) assess which of the proposed 
indicators could be improved through better coordination between the ATM system and other 
transport modes, and more specifically through the intermodal solutions proposed in WP2. 

The work done in order to achieve to proposed objectives includes: 

 A literature review on existing air transport and ground transport performance frameworks. 
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 A discussion of the transformations required to include multimodality in unimodal 
performance indicators, be it:  

o additive: multimodal indicators are the result of adding the value of unimodal indicators 
for the different trip legs (e.g., average travel time); 

o weakest link: indicators in a multimodal trip which are determined by the characteristics 
of the worst link (leg) regardless of the characteristics of the other modes (e.g., safety); 

o door-to-door: indicators that measure a given variable of the journey from door to door, 
regardless of the number of legs/modes (e.g., travel time reliability) 

 A multimodal performance framework organised into the following key performance areas 
(KPAs): Safety, Capacity, Resilience, Efficiency, Environment, Cost effectiveness, Punctuality 
and predictability, Security, Accessibility and equity, Flexibility, and Interoperability. The 
proposed framework aims to ensure maximum alignment with the concepts and terminology 
used by SESAR Performance Framework, such the distinction between KPIs (used for target 
setting) and other performance indicators (PIs).  Table 2 summarises the TRANSIT multimodal 
performance framework. 

 A qualitative assessment of the trade-offs between different KPAs in an intermodal context. 
Figure 2 summarises these interdependencies. 

Table 2: Safety indicators  

Indicator Description Type KPI/PI 

Accident ratio Probability of having an accident, which is cumulative 
for each leg of the trip.  

Additive KPI 

Perceived safety Highest probability of having an accident among the 
legs.  

Weakest Link PI 

Social distancing index  Measures the minimum distance between passengers 
of an alternative. It aims to illustrate whether the 
social distance is kept or not.  

Weakest Link KPI 

Table 3: Capacity indicators  

Indicator Description Type KPI/PI 

Overall OD capacity Maximum number of passengers for an OD 
considering all the alternatives.  

Weakest Link PI 

Alternative capacity  Maximum number of passengers on an alternative.  Weakest Link PI 

Table 4: Resilience indicators  

Indicator Description Type KPI/PI 

Capacity reduction Ratio between nominal capacity and non-nominal 
capacity (i.e., the capacities without disruptions and 
when disruptions occur, respectively). 

Weakest Link PI 

Time required to start 
to recover 

The time interval between the beginning of the 
system disturbance and the first response activity. 

Weakest Link PI 

Time required to 
restore normal 
operation 

The time interval between the beginning of the event 
and the system recovery, i.e., the moment when the 
system recovers the nominal capacity.  

D2D KPI 
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Table 5: Efficiency indicators  

Indicator Description Type KPI/PI 

Fastest average travel 
time 

Time to complete the trip with the fastest option, 
taking into account the different alternatives, 
passenger legs and needs (luggage, no luggage, etc.). 

Additive PI 

Total Travel Time Time to complete the whole door to door trip.  Additive KPI 

Ratio TTprivate / TTtp Ratio between the time to complete the trip by 
(private) car and public transport.  

Additive PI 

Ratio In-vehicle Time / 
Total Travel Time 

Ration between the sum of in-vehicle times and the 
total travel time.  

Additive PI 

Ratio Waiting Time / 
Total Travel Time 

Ratio between the sum of waiting times and the total 
travel time.  

Additive PI 

Ratio Transfer Time / 
Total Travel Time 

Ratio between the sum of transfer times and the total 
travel time.  

Additive PI 

Ratio Access time / 
Total Travel Time 

Ratio between the access and egress and the total 
travel time.  

Additive PI 

Pax time efficiency - 
best possible journey 
time/actual time 
travel  

Ratio between the best possible journey time and the 
average travel time by users.  

Additive PI 

Table 6: Environmental indicators  

Indicator Description Type KPI/PI 

CO2 per passenger-km Grams of CO2 per passenger and per km. Additive KPI 

NOx per passenger km Grams of NOx per passenger and per km. Additive KPI 

PMx per passenger km Grams of PMx per passenger and per km. Additive KPI 

Used land  Used land to provide an alternative.  Additive KPI 

% of people exposed 
to harmful noise 

% of people exposed to harmful noise. Additive KPI 

Table 7: Cost effectiveness indicators  

Indicator Description Type KPI/PI 

Direct cost  Costs that are borne by users directly: taxes, travel 
tickets, tolling fees, etc.  

Additive KPI 

Indirect costs  Costs that are borne by users indirectly: gasoline, car 
insurance, mileage cost, maintenance, etc.  

Additive KPI 

Bundle costs  Some costs are bundled between agencies resulting in 
discounts. For example, a traveller may get a free 
shuttle bus ticket when he/she books from a certain 
airline.)  

Additive PI 
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Table 8: Predictability and punctuality indicators  

Indicator Description Type KPI/PI 

Travel time variability  Measures the overall travel time variance, analysing 
the dispersion of the travel time.  

D2D PI 

lambda skew  Measures the travel time skewness comparing the 
travel time difference between percentile 90% (T90) 
and 50% (T50) to the difference between percentile 
50% (T50) and 10% (T10).  
lambda skew = (T90-T50)/(T50-T10) 

D2D PI 

Buffer Time  Measures the difference of the travel time 
percentile 95% (T95) and the average travel time 
(Taverage). In expands Litman’s buffer time 
definition by including scheduled services and by 
checking both the buffer time on the arrival and the 
departure.  
Buffer time = T95 - Taverage 

D2D KPI 

Temporal Variability 
Index (TVI) 

Measures the travel time variability between the 
highest demand hour and the lowest demand hour.  

TVI = 
(𝑇95−𝑇5)𝑝𝑒𝑎𝑘

(𝑇95−𝑇5)𝑜𝑓𝑓−𝑝𝑒𝑎𝑘
 

Being T95 the percentile 95% of an alternative and 
T5 the percentile 5% of an alternative at peak or off-
peak. The index will (normally) take low values for PT 
options since its service is more reliable/frequent at 
peak hours and will (tend to) take higher values for 
private transport options. 

D2D PI 

On-time performance 
(OTP) - ratio on time 
trips vs all trips 

Measures the ratio between the on-time trips and 
all the trips. Whether a trip is on-time or not 
depends on an acceptable delay which is a share of 
the activity utility.  

D2D KPI 

% of cancelled trips - 
when there is no other 
plausible option 

Measures the % of trips that can't be completed 
given a service cancelation. It is a modellable KPI, 
but it is not measurable with the current sources of 
data.  

2D2 KPI 

Potential Wait Time  Time difference between waiting time percentile 
95% (W95) and the average waiting time 
(Waverage). 

2D2 (potential 
correlations 

between 
waiting times) 

KPI 

Maximum GEH_t (T90 
and Taverage)  

GEH_t combines both an absolute and relative 
analysis of time at the same time.  

𝐺𝐸𝐻 = √
2(𝑇90 − 𝑇𝑎𝑣𝑒𝑟𝑎𝑔𝑒)

2

𝑇90 + 𝑇𝑎𝑣𝑒𝑟𝑎𝑔𝑒

 

Being 𝑇90 the link’s travel time percentile 90% and 
Taverage the link’s travel time average 

Weakest Link PI 
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Table 9: Security indicators  

Indicator Description Type KPI/PI 

Traveller assault (crime) 
rates 

Probability of being assaulted, which is cumulative 
for each leg of the trip.  

Additive PI 

Perceived traveller 
assault risk (crime)  

Highest probability of being assaulted among the 
legs.  

Weakest Link PI 

Cyber security Probability of receiving a cyber-attack. Weakest Link PI 

Table 10: Accessibility and Equity indicators  

Indicator Description Type KPI/PI 

4-hour reach % of trips that can be completed within 4-hours in 
Europe.  

D2D PI 

Disabled access Access of disabled people to an alternative.  Weakest Link PI 

Affordability  Affordable access to an alternative, measured as a % 
of passengers’ income.  

Additive PI 

Table 11: Flexibility indicators  

Indicator Description Type KPI/PI 

Number of options to 
make a trip 

Number of available options to make a trip.  Additive PI 

Table 12: Interoperability indicators  

Indicator Description Type KPI/PI 

Number of legs  Number of legs required to complete a journey for 
an alternative. 

Additive PI 

Number of modes  Number of modes used to complete a journey for an 
alternative.  

Additive PI 

Number of required 
tickets 

Number of tickets used to complete a journey for an 
alternative.  

D2D PI 

 
Figure 2. Interdependencies between KPAs in a multimodal context 
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2.3.4 WP4 Data analytics for the characterisation of the door-to-door 
passenger journey 

The objective of WP4 was to provide a set of data analysis methods and algorithms for the detailed 
reconstruction of long-distance multimodal trips. The specific objectives of WP4 were to: (i) collect 
and prepare the datasets required for the execution of the project; (ii) develop a set of algorithms for 
the analysis of anonymised mobile phone records and their fusion with other data sources; 
(iii) validate the new algorithms and optimise their implementation to minimise the use of 
computational resources and processing time. 

The work done in this WP includes:  

 Enrichment of passenger profiling: using travel diaries derived from mobile network data and 
data from household travel surveys, a new machine learning approach has been developed to 
estimate the sociodemographic characteristics, age and gender of the passengers identified in 
the mobile network data. These two features are quite relevant for mode choice models. The 
results obtained from the developments with data from Madrid and Palma de Mallorca are 
summarised in Table 13 and Table 14. 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 business trip); 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). From Table 13 we can see that the accuracy that the 
model provides significantly better metrics than a random model, which would provide a 
precision 33% of weighted average. The lower value is obtained for the estimation of age >65; 
however, considering the small sample size, this is still superior to a random model which will 
provide a precision of 5%. In the case of gender estimation, the model shows poorer results 
than for the age model, but still better than a random model which will provide a precision 
value of 50%. 

 Modal choice model: the spatio-temporal resolution of mobile network data does not always 
allow the identification of the transport mode chosen by the users in urban areas. Using 
household surveys and transport supply information, we have developed and calibrated a logit 
model that estimates the transport mode used for those surface access legs where modal 
choice cannot be identified from the mobile network data. The obtained modal share for 
Madrid-Barajas airport obtained with the model are summarised in Table 15 and Table 16.  
Since the model was calibrated with travel surveys considering daily mobility and not only trips 
from/to the airport, the public transport mode is overestimated, while the car mode is 
underestimated. To improve these results, in the implementation of the model in WP6 the 
model was calibrated considering variables dealing with trip purpose to distinguish between a 
regular trip and the access to the airport, which has clearly differentiated characteristics. The 
modal choice model was re-visited and enriched with the development of a machine learning 
model for the estimation of car availability for each trip.  

 Long-distance trip purpose model: using travel diaries derived from mobile network data and 
the AENA passenger surveys (EMMA), a decision-tree has been calibrated to estimate whether 
the trip purpose is business or leisure. An interesting result from the analysis of features 
selected by the machine learning model is that the most relevant variables for the estimation 
of trip purpose are the day of the week, the number of overnights the trip involves, the age 
and gender of the traveller and the time in advance the traveller arrives to the airport. 
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 Analysis of ATM data, including schedule and radar data, to analyse how passengers are 
affected by a disruptive event. This provides valuable information on airport connectivity and 
on how multimodality can help deal with air transport disruptions. 

Table 13: Precision, recall and F1-Score values for age evaluation on the passenger sample  

Age Precision Recall F1-Score Number of users 

19-44 0.57 0.65 0.61 24,023 

45-64 0.40 0.29 0.33 16,791 

>65 0.10 0.18 0.12 2,471 

Weighted Average 0.48 0.48 0.47 43,285 

Table 14: Precision, recall and F1-Score values for gender evaluation on the passenger sample  

Gender Precision Recall F1-Score Number of users 

Male 0.57 0.55 0.56 23,807 

Female 0.48 0.50 0.49 19,478 

Weighted Average 0.53 0.53 0.53 43,285 

Table 15: Access and egress from/to the airport for the logit model calibrated at peak hours  

Access or egress Car Share (%) PT Share (%) Walk Share (%) Number of cases 

Access to the airport 59% 40% 1% 78 

Egress from the airport 52% 46% 2% 61 

Table 16: Access and egress from/to the airport for the logit model calibrated at off-peak hours  

Access or egress Car Share (%) PT Share (%) Walk Share (%) Number of cases 

Access to the airport 64% 33% 3% 153 

Egress from the airport 56% 41% 2% 172 

Table 17: Access and egress from/to the airport according to the Madrid Household Travel Survey  

Access or egress Car Share (%) PT Share (%) Walk Share (%) Number of cases 

Access to the airport 82% 17% 1% 472 

Egress from the airport 81% 17% 2% 482 
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2.3.5 WP5 Development of the TRANSIT modelling and simulation 
framework 

The objective of WP5 was to develop a modelling framework enabling the simulation of the impact of 
the intermodal concepts and information services proposed by TRANSIT on multimodal long-distance 
travel behaviour. The specific objectives were to: (i) update the C-TAP model of continuous 
long-distance travel to render it capable of dealing with the full variety of multimodal options. The 
new version of C-TAP is called J-TAP; (ii) evolve the daily travel simulation model MATSim to cope 
with re-routing and mode change decision for disruption’s events; (iii) develop the optimisation 
algorithms required to simulate the proposed intermodal solutions.  

The work done includes: 

 Evolution of MATSim. The original code has been adapted to allow agents to perform 
“Within-day Replanning”. This allowed us to simulate passenger reactions to both unplanned 
disruptions in the urban ground transport network and to multimodal passenger information 
systems.  This enhancement was developed in two stages: first, an update of the code was 
made to give more flexibility to the agents for performing the replanning at different stages of 
the “day plan” and considering a different set of options according with the available 
information for each user; in a second stage, during the implementation of the case studies, 
some refinements, like reducing the flexibility of replanning to the period in which the 
disruption is active, were implemented to reduce the computational time of the re-planning 
process. These refinements also included the developments of tools (plugins to the original 
code) for the generation of the specific inputs required for the within day re-planning.  In 
addition to the new functionalities, the code was parallelised to reduce simulation times. 

 Update of the C-TAP (now J-TAP) model. A refactoring of the original C-TAP simulation tool, 
intended to be used for the study of long-distance travel demand through behavioural targets 
models, was done. The new version is called Java Target Based Activity Planner (J-TAP).  The re-
factored model, J-TAP, allows the simulation of multimodal trips, which was not possible with 
the previous version, C-TAP. One of the more notable features of J-TAP is an innovative way to 
store a multimodal transport network that allows the exploration of the network with simple 
routing algorithms, while considering transfer constraints. J-TAP also includes tools to help 
modellers build their scenarios, store and manipulate their networks, their synthetic 
populations, and use custom behavioural models.  

 Development of optimisation tools for the simulation of the proposed intermodal concepts:  

o On a strategic level, a so-called Timetable Synchronisation Tool was developed. This is a 
coordination tool that can be used to synchronise ground and air transportation 
timetables to offer a robust multimodal schedule. Considering independent schedules, 
this tool assigns slight changes to each schedule by targeting optimal transfer times 
between modes from a passenger perspective.  

o On a tactical level, an AMAN/DMAN Ground Tool (ADGT) was developed. ADGT is a 
coordination mechanism able to generate a new flight schedule when a disruption on 
the access mode to the airport occurs, with the aim of reducing the number of 
passengers stranded at the airport.  
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2.3.6 WP6 Simulation and evaluation of intermodal solutions and 
information services 

The objective of WP6 was to assess the impact of the new intermodal concepts and information 
services on the performance of the door-to-door passenger journey. Specific objectives were to: 
(i) implement long-distance travel models of Spain and France and models of urban mobility in 
Madrid and Paris based on the TRANSIT modelling framework; (ii) simulate the new intermodal 
solutions and information services in a variety of scenarios using the newly developed models and 
assess their impact on the multimodal performance indicators; (iii) derive conclusions on the 
expected benefits and potential drawbacks of the investigated solutions and provide guidelines and 
recommendations on the key aspects for the future development and practical implementation of 
the most promising solutions. The work done in this work package includes: 

 Implementation of the enhanced MATSim and J-TAP travel simulation models for the 
Spain-Madrid and France-Paris case studies. This entailed: 

o Definition of scenarios to be modelled.  

o Reconstruction of local supply network (road network, public transport stops, routes 
and schedules, etc.) of Madrid and Ile de France and long-distance travel supply (road 
network, airports’ and rail stations’ location, schedules, etc.) for Spain and France.   

o Reconstruction of travel demand (activity-travel diaries) for airport access and egress 
trips/legs and long-distance trips. For Spain travel diaries were obtained from the 
analysis of mobile network data enriched with information from surveys and other data 
using the techniques developed in WP5. For France, a synthetic population was 
generated with the fusion of survey data and other open-source information. 

 Model calibration. Both the MATSim model and the J-TAP model were calibrated for a base 
scenario with information of official statistics (average number of trips and travelled distance 
by mode, etc.) and mobile network data (in the case of the J-TAP model in Spain). 

 Simulation of the proposed intermodal solutions. This entailed:  

o For the strategic timetable synchronisation:  

 Modification of the Spain base scenario to implement a direct connection 
between HSR and Madrid-Barajas airport. 

 Modification of the schedules using the Timetable Synchronisation Tool to 
optimise the transfer time between air and rail modes. 

 Simulation of the base scenario, the direct HSR-airport connection and the 
scenario with timetable synchronisation using the J-TAP models and comparison 
of results. 

o For the implementation of the AMAN/DMAN Ground Tool and emulation of road and air 
transport information sharing for disruption management. 

 Preparation of a disruption scenario (e.g., temporal elimination of a given 
access/egress mode in the supply network). 

 Modification of local travel supply information available to the different agents 
when planning their access or egress trip, to simulate reactions (mode or route 
changes) under different levels of information available in disruptive conditions. 

 Simulation of the base scenario, the disruptive scenario without implementing 
any measure, and the disruptive scenario with the selected solution(s) 
implemented using the MATSim models, and comparison of results. 

 Extraction of conclusions and recommendations. 
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Figure 3 and Table 18 show some results obtained before and after the application of the strategic 
timetable synchronisation for the Valencia-Lanzarote origin-destination pair. This pair is not covered 
by a direct flight and is currently connected via Madrid. The synchronisation leads to a qualitative 
improvement in the efficiency of the rail-air combination, boosting the use of rail for the access from 
Valencia to Madrid as a replacement for a feeder flight. 

 

Figure 3. Accumulated generalised cost over the door-to-door journey 

Table 18: Efficiency indicators of each multimodal option for different scenarios  

KPI 

Rail - Air 

Road - Air Air - Air 
Baseline HSR 

HSR + 
synchronisation 

Total travel time (min) 582 563 474 561 556 

Total generalised cost (euros) 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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2.3.7 WP7 Communication, dissemination and exploitation 

The objective of WP7 is to facilitate a fruitful and efficient exchange of information with different 
stakeholders, and prepare for the exploitation of project results. The specific objectives of WP7 are: 

 To establish efficient communication channels with external partners, such as policy makers, 
regulators, industrial actors or academic researchers so as to gather their inputs and feedback. 

 To disseminate the findings of the project to encourage exploitation of the results.  

 To guarantee the continuation of the TRANSIT research avenues after the project end. 

WP7 is led by Nommon, with the support of the rest of TRANSIT partners. The work done in this work 
package includes: 

 Creation of the TRANSIT project website (www.TRANSIT-H2020.eu), which was launched in 
June 2020. The website, implemented and maintained by Nommon, is described in deliverable 
D7.1, which was submitted in June 2020 and approved in November 2020. Figure 4 shows a 
snapshot of the home page of the project website. The page has been visited by around 100 
different users with a rate of 2.4 visits per visitor. 

 Publication of news about the project in social media such as Twitter and LinkedIn. 

 Organisation of the TRANSIT Stakeholder Workshop, which took place online in November 
2020. The workshop gathered the members of the TRANSIT EEAB and other external experts, 
who provided inputs and feedback on the work performed so far. The workshop participants 
represented stakeholders from different transport operators (air and rail operators) as well as 
transport modellers. The concept of the project as well as the proposed research questions 
and solutions were presented to the panel of experts. The proposed solutions based on 
information sharing across modes generated a lot of interest and debate among the 
participants. One of the most discussed topics was the feasibility of the proposed solutions and 
the barriers to their implementation. One of the main identified barriers to the deployment of 
intermodal solutions based on information sharing, such as those proposed by TRANSIT, is the 
lack of incentives and governance mechanisms that encourage operators to cooperate. 
Detailed minutes of the workshop can be found at D2.1 ATM Role in Intermodal Transport: 
Opportunities for Innovative Intermodal Concepts and Passenger Information Services. One 
lesson learned from this workshop was the pertinence of having separated sessions, one with 
stakeholders and end users and another one with technical experts (in this case, transport 
modellers) so as to have more focused and productive discussions.  

 Organisation of the TRANSIT Final Event. With the aim of maximising outreach among 
stakeholders interested in intermodality, this workshop was organised as a joint event with 
SESAR ER4 project IMHOTEP project (https://www.imhotep-h2020.eu/). The event took place 
on 25th November 2022 at EUROCONTROL’s Headquarters in Brussels and it gathered around 
30 participants, including representatives from airports (e.g., Brussels Airport), technology 
providers and research organisations (e.g. SINTEF), cities and regions (e.g., Airport Regions 
Council), rail operators (e.g., SNCF), associations (e.g., UITP) and policy makers (e.g., Dutch 
Ministry of Infrastructure). During the event, the main results of the project were presented, 
collecting stakeholders’ feedback on the applicability of the project outcomes and the next 
steps. All participants recognised the relevance of the research and the quality of the 
presentations. Several attendees highlighted the importance of moving forward in the R&D 
cycle by implementing projects that integrate the TRANSIT solutions with existing airport 
systems. The importance of addressing governance aspects related to aspects such as 
integrated ticketing and data sharing was also highlighted. 
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 Publication of the white paper “Lessons Learnt from the TRANSIT Project and Way Forward”, 
available at: http://www.nommon-files.es/transit/TRANSIT_White_Paper.pdf 

 Publication of the journal paper “A methodology for understanding passenger flows combining 
mobile phone records and airport surveys: Application to Madrid-Barajas Airport after the 
COVID-19 outbreak” at the Journal of Air Transport Management. The paper is available at: 
https://www.sciencedirect.com/science/article/abs/pii/S0969699721001447?via%3Dihub 

 Participation in several conferences and workshops and publication of numerous conference 
papers: 

o Presentation of the project in an online event organised by the online event of the 
IFC-World Bank the on the 16th December 2020.   

o Presentation the project at the ACARE WG1 meeting held on 25th June 2020. 

o Presentation of the project to particularly relevant stakeholders, such as IATA and 
Shift2Rail, in dedicated bilateral meetings. The representatives with which the project 
members were in contact with Shift2Rail (now Rail Europe) are no longer part of the 
organisation. This has limited the feedback collected from rail operators; the TRANSIT 
Final Event was used to mitigate this and collect additional feedback from rail operators 
(e.g., SNCF). 

o Participation in several workshops on multimodality organised by SESAR to facilitate 
coordination between the different ER4 projects working on this topic. These meetings 
have produced different outcomes. For example, the indicator framework developed by 
TRANSIT has been considered by some of the projects, while the passenger archetypes 
proposed by Modus have motivated some future evolutions of the TRANSIT solutions.   

o Poster presentation of the project at the SESAR Innovation Days 2020: 
http://www.nommon-files.es/transit/TRANSIT-Poster_SIDs_2020.pdf 

o Poster presentation of the AMAN/DMAN coordination mechanism at Intelligent 
Transport Systems Europe 2022 (https://itseuropeancongress.com/): 
http://www.nommon-files.es/transit/TRANSIT-
Poster_Optimization_of_airport_operations_ITS_2022.pdf 

o Poster presentation of the Air-rail timetable synchronization mechanism at Intelligent 
Transport Systems Europe 2022 (https://itseuropeancongress.com/): 
http://www.nommon-files.es/transit/TRANSIT-Poster_Air-
Rail_timetable_synchronization_ITS_2022.pdf 

o Presentation of a paper entitled “Airport accessibility surveys and mobile phone records 
data fusion for the analysis of air travel behaviour” at the 12th International Conference 
on Transport Survey Methods on March 2022: https://www.transit-h2020.eu/resources 

o Presentation of a poster of the project in the GoMobility Forum in April 2022: 
https://s3.amazonaws.com/www.nommon-files.es/transit/TRANSIT-
Poster_Go_Mobility_2022.pdf 

o Publication of TRANSIT results at the EC portal CORDIS.  
https://cordis.europa.eu/article/id/442210-ai-to-help-connect-all-the-steps-in-your-
journey 

o Presentation of the paper “Flight Rescheduling to Improve Passenger Journey during 
Airport Access Mode Disruptions” at the International Conference on Research in Air 
Transportation (ICRAT 2022): 
https://drive.google.com/file/d/1fwwIJdvomPPnCjmhaBKEdoV6BIR_wmRy/view 
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o Accepted paper entitled “Air-rail timetable synchronization for a seamless passenger 
journey” at the in International Workshop on ATM/CNS (IWAC2022): https://hal-
enac.archives-ouvertes.fr/hal-03852063/document 

o Presentation of the AMAN/DMAN coordination mechanism at ROADEF 2022 
symposium (https://roadef2022.sciencesconf.org/). 

o Presentation of the air-rail timetable synchronisation mechanism at ROADEF 2022  
symposium (https://roadef2022.sciencesconf.org/) 

The feedback to the presentation of the project solutions has been very positive, being the main 
concern the practical requirements for the implementation (e.g., coordination mechanisms, 
adaptation of existing mechanisms like A-CDM, governance mechanisms for information sharing, 
etc.). During the last months of the project, dissemination activities were intensified, including the 
production of additional publications and the organisation of the TRANSIT Final Event. 

 

Figure 4. Snapshot of the project’s web page 

2.3.8 WP8 Ethics 

The objective of WP8 is to ensure compliance with the ethics requirements set out for the project. 
WP8, which is led by Nommon, has been successfully completed during the first reporting period. 
The work done includes: 

 D8.1 POPD - Requirement No. 1: the deliverable details the mechanisms and procedures put in 
place by TRANSIT to ensure full compliance with the applicable EU and national laws on data 
protection. In particular, the document includes the names of the Data Protection Officers 
(DPO) appointed by the concerned partners and describes TRANSIT’s personal data protection 
policy, including the proposed approach for data anonymisation and the technical and 
organisational measures implemented to safeguard the rights and freedoms of the data 
subjects and research participants. 

 D8.2 H - Requirement No. 3: this deliverable explains the proposed approach for the selection 
of the research participants and the informed consent procedure put in place to inform the 
members of the External Experts Advisory Board and other workshop participants about the 
use of their contact details and the opinions expressed in the meetings. The document also 
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details the terms and conditions for the participation of these external collaborators and 
indicates how to proceed in the event of unexpected or incidental findings 

 8.3 NEC - Requirement No. 4: this deliverable deals with the materials, including personal data, 
which will be imported to/exported from the EU. In TRANSIT, this requirement concerns 
exclusively the exchange of data with the only project partner from outside the EU, namely 
ETH Zürich, from Switzerland. In this regard, Switzerland is among the few countries outside 
the EU recognised as providing a level of data protection equivalent to that provided under EU 
law. According to the European Commission, this means that, in practice, transfers to 
Switzerland are “assimilated to intra-EU transmissions of data”. 

2.4 Key project results 

The main project outcomes are: 

 A review of the state-of-the-art of intermodality policies and solutions. The review analyses 
the main factors influencing the evolution of intermodal transport systems. This analysis 
serves as a starting point to elaborate a high-level specification of a set of innovative 
intermodal concepts based on information sharing between the ATM system and ground 
transport modes. In particular two solutions are proposed: a strategic solution for air-rail 
timetable synchronisation, and a tactical solution which provides a mechanism for information 
sharing and coordination between ATM and ground transportation to generate response plans 
for ground-side disruptions. This review and the proposed solutions can be found at D2.1 ATM 
Role in Intermodal Transport: Opportunities for Innovative Intermodal Concepts and Passenger 
Information Services.  

 A performance framework that adopts the KPA/KPI structure from ATM performance 
frameworks and integrates relevant indicators encountered in the most commonly used 
assessment frameworks for both surface transport and air transport, adapting them to the 
specificities of multimodal trips. The TRANSIT indicator framework includes new user-centric 
indicators and an updated definition of the existing indicators, usually unimodal, for the 
assessment of multimodal systems, considering the interdependencies between trip legs. The 
proposed framework enables the assessment of multimodal trips at different scales, from the 
micro level, considering the all the stages of a leg, to a macro level, where the analysis is made 
at leg level. The framework is accompanied by an analysis the trade-offs between KPAs that 
should be taken into account for impact assessment in a multimodal context. This set of 
indicators has been adopted by other SESAR projects and can be found at D3.1 Multimodal 
Performance Framework.  

 A set of machine learning based data analytics techniques for the characterisation of 
travellers and the detailed reconstruction of urban airport access and egress and 
long-distance multimodal trips from the fusion of survey and mobile network data. The 
developed algorithms address five current challenges in the reconstruction of trips from 
passively collected geolocated data: passenger segmentation by sociodemographic profile (age 
and gender), the identification of vehicle availability for a given trip, the analysis of modal 
choices in the airport access and egress legs, demand segmentation according to trip purpose 
(leisure/business), and the characterisation of airport connectivity. The applicability of the 
developed algorithms is not restricted to the reconstruction of door-to-door journeys from 
mobile network data, but they can also be used for the reconstruction of travel patterns from 
other passively collected geolocated data, as long as the explanatory variables for the 
estimation of the targeted features can be estimated from those data sources. The detailed 
description of the algorithms can be found at D4.1 Methodologies and Mobility Analytics 
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Algorithms for the Analysis of the Door-to- Door Passenger Journey. They have also given 
material for a scientific publication1. 

 A modelling and simulation framework consisting of two enhanced tools, MATSim and J-TAP, 
for the simulation of multimodal trips. The MATSim enhanced model allows the simulation of 
travel behaviour (mode or route change) for unplanned disruptions in the airport 
access/egress legs of a multimodal trip. The enhanced J-TAP model allows the simulation of 
long-distance multimodal trips, capturing mode shifts as a reaction to better mode 
coordination. These models are described in D5.1 Modelling and Simulation Framework 

 An intermodal timetable synchronisation tool for the adjustment of rail and air transport 
schedules such that the waiting time is minimised and the transfer time between modes in a 
multimodal trip is optimal. The solution consists of an algorithm that generates a timetable 
that optimises the connection times between flights and ground services. The generated 
schedules are such that an optimal connection time is obtained with limited deviation from the 
original schedules. This ensures that the synchronisation of a given connection will not affect 
the operation of other flights of the same airport. This solution has been presented in several 
conferences and workshops (IWAC2022, ROADEF 2022, ICRAT 2022). All details about this tool 
can be consulted at D5.1 Modelling and Simulation Framework. 

 An intermodal disruption management tool (AMAN/DMAN coordination tool) which 
generates new flight schedules to reduce the number of passengers stranded at the airport, 
without causing significant delays in other flights, when a disruption at the surface access 
network occurs. To ensure minimum impact on other flights, the new flight schedules are 
restricted to adjustments of no more than +/-15 minutes. This solution has been presented in 
several conferences and workshops (IWAC2022, ROADEF 2022, ICRAT 2022). All details about 
this tool can be consulted at D5.1 Modelling and Simulation Framework. 

 An assessment of the proposed intermodal concepts, making use of the developed data 
analysis, simulation and optimisation tools, reported in D6.1 Impact Assessment of New 
Intermodal Concepts and Passenger Information Services: Conclusions and Recommendations:  

o Intermodal timetable synchronisation. A fully calibrated J-TAP model for all destinations 
with origin in Valencia Spain was used to test the impact of the Timetable 
Synchronisation tool to optimise the rail-air timetable for the Valencia-Lanzarote pair. 
This pair does not have a direct flight and is currently connected with a scale in Madrid. 
Adding the HSR station at the airport increases the HSR share of access trips from 35% 
to approximately 40%. Timetable synchronisation, in conjunction with building a new 
HSR station at the airport, boosts the rail modal share to over 50%. 

o AMAN/DMAN coordination tool. A fully calibrated MATSim model for the region of Ile 
de France was used to test the AMAN/DMAN coordination tool together with a 
notification of disruption to travellers. A disruption on the main rail service connecting 
Paris city’s centre with the airport was simulated. The implementation of the solution 
was able to reduce the number of stranded passengers with minimal changes to the 
arrival and departure schedules. These results highlight the importance of information 

                                                           

 

1
 Burrieza-Galán, J., Jordá, R., Gregg, A., Ruiz, P., Rodríguez, R., Sala, M. J., ... & Herranz, R. (2022). A methodology for 

understanding passenger flows combining mobile phone records and airport surveys: Application to Madrid-Barajas Airport 
after the COVID-19 outbreak. Journal of Air Transport Management, 100, 102163. 
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sharing between ground and air transport systems to mitigate the impact of disruptions 
on passengers' door-to-door journeys. 

 A list of recommendations for the exploitation and further evolution of the TRANSIT 
solutions. This can be consulted at D6.1 Impact Assessment of New Intermodal Concepts and 
Passenger Information Services: Conclusions and Recommendations. 

2.5 Project deliverables  

Table 19: Project deliverables 

Ref. Title and description Delivery 
Date2 

Dissemination 
Level 

D1.1 Project Management Plan.  

The Project Management Plan defines how the project is managed, 
planned, executed, monitored and controlled. 

19/08/2020 Confidential 

D1.2 Data Management Plan.  

The Data Management plan describes the data management life cycle 
for the data to be collected, processed and generated by the TRANSIT 
project, in order to ensure that all the research data is findable, 
accessible, interoperable and reusable (FAIR) as well as that ethics and 
data security aspects are properly addressed. 

30/06/2021 

 

Confidential 

D1.3 Final Project Report 

The Final Project Report covers all the research activities performed by 
the project, including the final publishable summary report, the plan 
for use and dissemination of the foreground, and a self-assessment of 
the TRL achieved at the end of the project. 

https://www.transit-h2020.eu/deliverables 

10/12/2022 Public 

D2.1 ATM Role in Intermodal Transport: Opportunities for Innovative 
Intermodal Concepts and Passenger Information Services.  

This document presents a series of innovative intermodal concepts 
based on information sharing between air transport and other 
transport modes.  

http://www.nommon-files.es/transit/TRANSIT-
D2.1_ATM_Role_in_Intermodal_Transport_01.00.00.pdf 

26/03/2021 Public 

D3.1 Multimodal Performance Framework.  

This deliverable presents a multimodal assessment performance 
framework, analyses the trade-offs between the proposed key 
performance areas and indicators, and discusses how the proposed 
performance indicators can be measured and modelled. 

http://www.nommon-files.es/transit/TRANSIT-
D3.1_Multimodal_Performance_Framework_01.01.00.pdf 

10/03/2021 

 

Public 

                                                           

 

2
 Delivery date of latest edition 

https://www.sesarju.eu/
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Ref. Title and description Delivery 
Date2 

Dissemination 
Level 

D4.1 Methodologies and Mobility Analytics Algorithms for the Analysis of 
the Door-to-Door Passenger Journey.  

This deliverable presents different methodologies and mobility 
analytics algorithms to reconstruct multimodal door-to-door 
passenger journeys from a variety of big data sources.  

http://www.nommon-files.es/transit/TRANSIT-
D4.1_Mobility_Analytics_D2D_00.01.00.pdf 

21/05/2021 Public 

D5.1 TRANSIT Modelling and Simulation Framework 

This document describes the transport modelling toolset developed by 
the project, including links to the relevant repositories of code and 
technical documentation. 

http://www.nommon-files.es/transit/TRANSIT-
D5.1_Modelling_Framework_v02.00.00.pdf 

02/06/2022 Public 

D6.1 Impact Assessment of New Intermodal Concepts and Passenger 
Information Services: Conclusions and Recommendations.  

This document describes the results of the evaluation of the 
intermodal solutions proposed by the project when implemented in 
Spain-Madrid and France-Ile de France. 

https://www.transit-h2020.eu/deliverables 

05/08/2022 Public 

D7.1 Project website  

Website that includes all relevant public information about the project, 
including the main research results and the latest news 

https://www.transit-h2020.eu/ 

30/06/2021 Public 

D7.2 Communication and Dissemination Plan 

The document describes the project’s communication and 
dissemination strategy and outlines the main communication and 
dissemination actions planned throughout the project life 

10/12/2022 Confidential 

D7.3 Travel Information Management for Seamless Intermodal Transport: 
Lessons Learnt from the TRANSIT Project and Way Forward. 

White paper providing a high-level view of the TRANSIT concept and 
the conclusions of the project. 

https://www.transit-h2020.eu/deliverables 

28/10/2022 Public 

D8.1 POPD Requirement No 1  

This document complements D1.2 Data Management Plan by detailing 
the mechanisms and procedures put in place by TRANSIT to ensure full 
compliance with the applicable EU and national laws on data 
protection. 

22/02/2021 Confidential 

D8.2 H Requirement No 3 

This document describes the procedures and criteria used by TRANSIT 
to identify and recruit research participants. 

20/11/2020 Confidential 

D8.3 NEC - Requirement No. 4 

This document describes the materials, including personal data, 
imported to/exported from the EU in the context of the project. 

29/05/2020 Confidential 

https://www.sesarju.eu/
http://www.nommon-files.es/transit/TRANSIT-D4.1_Mobility_Analytics_D2D_00.01.00.pdf
http://www.nommon-files.es/transit/TRANSIT-D4.1_Mobility_Analytics_D2D_00.01.00.pdf
http://www.nommon-files.es/transit/TRANSIT-D5.1_Modelling_Framework_v02.00.00.pdf
http://www.nommon-files.es/transit/TRANSIT-D5.1_Modelling_Framework_v02.00.00.pdf
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3 Links to SESAR Programme 

3.1 Contribution to the ATM Master Plan 

The European ATM Master Plan defines the SESAR performance ambitions for the Key Performance 
Areas (KPA) of Environment, Capacity, Cost Efficiency, Operational Efficiency, Safety and Security. 
The solutions developed by TRANSIT will deliver a number of benefits for the passengers that are not 
captured by the KPAs considered in the SESAR performance ambitions, which are focused on air 
traffic operations. Still, the proposed solutions for enhanced information sharing and coordination 
between ATM and other transport modes can contribute to SESAR performance ambitious in two 
ways: (i) by enabling smoother and more predictable passenger flows, which will result in a reduction 
of the delays caused by passengers. This enhanced predictability will have a positive impact on 
Capacity and AUs Operational Efficiency. Cost‑efficiency (i.e., ANSP productivity) will also benefit 
from more predictable operations; (ii) a better integration of air transport and ground transport 
modes can also have a positive impact on Capacity and AUs Operational Efficiency by facilitating the 
replacement of short-haul feeder flights by HSR connections, thus releasing airport capacity that can 
be more efficiently used for long-distance flights. 

The TRANSIT has delivered three solutions, whose specific contribution is discussed below. 

SOLUTION 1: TRANSIT Intermodality Assessment Framework 

The TRANSIT Intermodality Assessment Framework enables the evaluation of the impact of 
innovative intermodal transport solutions on the quality, efficiency and resilience of the door-to-door 
passenger journey. 

The framework consists of: (1) a set of multimodal, passenger centric, door-to-door performance 
indicators encompassing, among other aspects, travel time, travel time reliability, affordability, 
environmental impact and resilience; (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. 

The TRANSIT Intermodality Assessment Framework will enable the design of intermodal solutions 
that are better adapted to passenger preferences and behaviour, contributing to improving KPIs in a 
variety of KPAs (especially Efficiency, Punctuality and Predictability, Environment and Resilience) as 
well as to enhancing passenger experience. 

SOLUTION 2: TRANSIT Intermodal Timetable Synchronisation 

The TRANSIT Intermodal Timetable Synchronisation solution 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. 
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The timetables built by using TRANSIT’s Intermodal Timetable Synchronisation solution improve the 
Efficiency, Punctuality and Predictability, and Resilience of the multimodal trips that use public 
transport to reach the airport. This will result in an improvement of the passenger experience, which 
will in turn increase the modal share of public transport in the airport access and egress legs. 

SOLUTION 3: TRANSIT Intermodal Disruption Management Tool (AMAN/DMAN Ground Tool) 

The TRANSIT Intermodal Disruption Management Tool 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. 

The tool implements the following workflow: (1) a passenger information service allows passengers 
to declare themselves as “delayed” to the ground transport operator; (2) the ground transport 
operator shares this information with the Airport Operation Centre (APOC); (3) in the context of A 
CDM, the APOC can use this information to manage airport operations so as to minimise the risk of 
missed connections by the passengers affected by the disruption (e.g., by delaying specific flights). 

This solution will improve different KPIs in the areas of Efficiency, Punctuality and Predictability, and 
Resilience, thus enhancing passenger experience.   

Table 20: Maturity of the solutions delivered by the project 

Solution 
Maturity at 
project start 

Maturity at 
project end 

SOLUTION 1: TRANSIT Intermodality Assessment Framework TRL0 TRL1 

SOLUTION 2: TRANSIT Intermodal Timetable Synchronisation TRL0 TRL1 

SOLUTION 3: TRANSIT Intermodal Disruption Management Tool 
(AMAN/DMAN Ground Tool) 

TRL0 TRL1 
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3.2 Maturity assessment 

Table 21: Research Maturity Assessment of SOLUTION 1: TRANSIT Intermodality Assessment Framework 

ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.1  Has the ATM problem/challenge/need(s) 
that innovation would contribute to solve 
been identified? Where does the problem 
lie? 

Achieved The ATM sector has a variety of tools for the assessment of air travel performance. 
However, they still lack of an integrated framework enabling the assessment of the impact 
of intermodal solutions on the quality, efficiency and resilience of the door-to-door 
passenger journey. In particular, there is a lack of: a consistent set of performance 
indicators for the assessment of multimodal trips; high-quality data on door-to-door trips; 
and modelling and simulation  

TRL-1.2  Have the solutions 
(concepts/capabilities/methodologies) 
under research been defined and 
described? 

Achieved The proposed solution comprises 4 components: (1) a set of multimodal, passenger 
centric, door-to-door performance indicators (documented in D3.1); (2) a set of data 
analytics techniques for the detailed reconstruction of long-distance multimodal trips 
through the analysis of new big data sources (documented in D4.1); (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) (documented in D5.1); (4) a 
methodology to combine these tools for the assessment of intermodal solutions 
(documented in D6.1). 

TRL-1.3 Have assumptions applicable for the 
innovative concept/technology been 
documented? 

Achieved Yes, all modelling assumptions are documented in the technical deliverables that describe 
the different components of the solution (D3.1, D4.1, D5.1, D6.1). 

TRL-1.4 Have the research hypothesis been 
formulated and documented? 

Achieved Yes, research hypotheses have been formulated and properly documented in the 
technical deliverables that describe the different components of the solution (D3.1, D4.1, 
D5.1, D6.1). For example, D4.1 discusses in detail all hypothesis and assumptions made in 
the development of new techniques for door-to-door trip reconstruction from the fusion 
of mobile network data and passenger surveys. 
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ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.5 Do the obtained results from the 
fundamental research activities suggest 
innovative solutions (e.g. 
concepts/methodologies/capabilities? - 
What are these new 
concepts/methodologies/capabilities? - Can 
they be technically implemented? 

Achieved Yes. The obtained results provide new capabilities in two main areas: 

 Understanding of passenger behaviour and needs. 

 Design and assessment of intermodal solutions. 

These capabilities have been technically implemented through the components of the 
TRANSIT Intermodality Assessment Framework described in D3.1, D4.1, D5.1 and D6.1. 

TRL-1.6 Have the potential strengths and benefits of 
the solution identified and assessed? - 
Qualitative assessment on potential 
benefits. This will help orientate future 
validation activities. Optional: It may be that 
quantitative information already exists, in 
which case it should be used 

Achieved The identified potential benefits together with the limitations for the different 
components of this solution are discussed in the corresponding deliverables.  

The main strength of the proposed framework is the ability to characterise and model 
intermodal trips in a realistic manner, overcoming some of the main shortcomings of 
existing unimodal frameworks. 

The main limitations are some of the simplified behavioural modelling assumptions 
implemented in the simulation models, which should be refined in future research, as well 
as the limited scope of the demonstration and validation activities. 

TRL-1.7 Have the potential limitations, weaknesses 
and constraints of the solution under 
research been identified and assessed?  - 
The solution under research may be bound 

Achieved The weaknesses and constraints of the different components of the framework are 
documented in the relevant deliverables (D3.1, D4.1, D5.1) and in the conclusions of D6.1. 
Regarding the data analytics techniques developed by the project, the main constraint is 
the need to access certain sources of big data, in particular mobile network data, through 
specific agreements with mobile operators and private companies. Regarding the 
modelling tools, a number of model simplifications leading to certain limitations and the 
need for further research are documented in D6.1 (e.g., the need for a higher level of 
disaggregation in the modelling of travel behaviour of different sociodemographic 
groups). 

TRL-1.8 Do fundamental research results show 
contribution to the Programme strategic 
objectives e.g. performance ambitions 
identified at the ATM MP Level? 

Achieved The TRANSIT Intermodality Assessment Framework enables the design and assessment of 
intermodal solutions in a variety of KPAs (especially Efficiency, Punctuality and 
Predictability, Environment and Resilience) relevant to the SESAR program ambitions. It is 
worth noting some of the results of the project linked to this solution are already been 
exploited by other SESAR projects; such is the case of the proposed intermodal indicators 
framework that has been adopted by other SESAR projects. 
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ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.9 Have stakeholders been identified, 
consulted and involved in the assessment of 
the results? Has their feedback been 
documented in project deliverables? Have 
stakeholders shown their interest on the 
proposed solution? 

Achieved Stakeholders from different groups have been identified at the beginning of the project. 
They have been invited to join the TRANSIT EEAB and/or to participate in the 1st TRANSIT 
Stakeholder Workshop. Their feedback has been documented in D2.1 ATM Role in 
Intermodal Transport: Opportunities for Innovative Intermodal Concepts and Passenger 
Information Services. 

AENA, partner of the project and final user of the tool, has shown interest in using the 
project results in its accessibility and intermodality studies. 

The TRANSIT Stakeholder Workshop, the TRANSIT Final Event and other dissemination 
activities have also triggered interest among other stakeholders. A direct result of this 
interest is the collaboration of several TRANSIT consortium members with new 
stakeholders in the intermodality topics of the first SESAR3 call for proposals. 

TRL-1.10 Have initial scientific observations been 
communicated and disseminated (e.g. 
technical reports/journals/conference 
papers)? 

Achieved All scientific results are reported in the relevant technical deliverables. Some of them have 
already led to journal and conference papers and/or will be reported in other journal and 
conference papers that will be produced during the dissemination phase of the project. 

TRL-1.11 Are recommendations for further scientific 
research documented? 

Achieved Yes. The data analytics techniques developed for the analysis of passenger behaviour can 
still be refined and extended to analyse other aspects that are relevant to intermodal 
solutions, such as group travelling. This have been documented in D4.1 and in the current 
document. The modelling approach implemented in the MATSim and J-TAP tool can also 
be further developed in different directions, such as refining behavioural assumptions, 
improving the model calibration process, and modelling new forms of mobility that will 
become more and more relevant in the next decade (e.g., demand-responsive transport, 
shared mobility, urban air mobility). These recommendations are documented in D6.1 and 
the current results repot. 
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Table 22: Research Maturity Assessment of Solution 2: TRANSIT Intermodal Timetable Synchronisation  

ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.1  Has the ATM problem/challenge/need(s) 
that innovation would contribute to solve 
been identified? Where does the problem 
lie? 

Achieved The problem lies in the schedule coordination between air and rail. Today, timetables are 
built independently without communication between stakeholders. This can result in 
non-smooth door-to-door trips for passengers. 

TRL-1.2  Have the solutions 
(concepts/capabilities/methodologies) 
under research been defined and 
described? 

Achieved The concept is reported in D5.1. Also, one conference publication and one poster have 
been published to clearly define, describe and analyse the proposed solution. 

TRL-1.3 Have assumptions applicable for the 
innovative concept/technology been 
documented? 

Achieved Yes. The solution aims at building an integrated timetable between trains and flights by 
targeting an optimal connection time between these two legs. The quality of a connection 
between two modes is an assumption. However, this function can be defined by the final 
user. This assumption is documented in D5.1. and D6.1. 

TRL-1.4 Have the research hypothesis been 
formulated and documented? 

Achieved Yes, in deliverables D5.1 and D6.1 

TRL-1.5 Do the obtained results from the 
fundamental research activities suggest 
innovative solutions (e.g. 
concepts/methodologies/capabilities? – 
What are these new 
concepts/methodologies/capabilities? – Can 
they be technically implemented? 

Achieved The results obtained suggest potential gains in passenger comfort with a limited deviation 
from the initial transportation schedules. Regarding the implementation, network effects 
must be considered but they should not be significant since only small changes are 
applied to the initial schedules (+/- 15 minutes). Thus, our preliminary assessment 
indicated that the proposed solution can be technically implemented. 
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ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.6 Have the potential strengths and benefits of 
the solution identified and assessed? – 
Qualitative assessment on potential 
benefits. This will help orientate future 
validation activities. Optional: It may be that 
quantitative information already exists, in 
which case it should be used 

Achieved The case study conducted by the project shows a 10% gain in passengers’ comfort when 
transferring between air and rail for only 11 minutes change on average for transportation 
operators. The strength of the solution lies in the reduced cost (in terms of minute 
changes) for transportation operators. Potential limitations or disbenefits may lie in the 
monetary cost of the solution. However, this cost is difficult to measure and has not been 
identified. 

TRL-1.7 Have the potential limitations, weaknesses 
and constraints of the solution under 
research been identified and assessed?  - 
The solution under research may be bound 

Achieved Potential constraints include the reluctance of transportation operators to change their 
schedules (although changes are limited). The main weakness is that the monetary cost of 
the solution is difficult to measure at this stage due to the complexity of the scheduling 
process of both airlines and railway operators. 

TRL-1.8 Do fundamental research results show 
contribution to the Programme strategic 
objectives e.g. performance ambitions 
identified at the ATM MP Level? 

Achieved The timetables built by using TRANSIT’s Intermodal Timetable Synchronisation solution 
improve the Efficiency, Punctuality and Predictability, and Resilience of the multimodal 
trips that use public transport to reach the airport. This will result in an improvement of 
the passenger experience, which will in turn increase the modal share of public transport 
in the airport access and egress legs 

TRL-1.9 Have stakeholders been identified, 
consulted and involved in the assessment of 
the results? Has their feedback been 
documented in project deliverables? Have 
stakeholders shown their interest on the 
proposed solution? 

Achieved Yes. Discussions with airline operators (Air France) and airport (Paris-Charles de Gaulle) 
reveal that multimodality is in the scope of air transportation operations. They consider 
including passenger experience in their operation scheduling process since they are the 
centre of the system. They seem interested in the solution proposed. However, we did 
not succeed in obtaining feedback from railway operators. 

TRL-1.10 Have initial scientific observations been 
communicated and disseminated (e.g. 
technical reports/journals/conference 
papers)? 

Achieved In addition to project deliverables D2.1, D5.1 and D6.1, one conference paper has been 
accepted at the IWAC conference (https://iwac2022.org/). Title: Air-rail timetable 
synchronisation for a seamless passenger journey.  

TRL-1.11 Are recommendations for further scientific 
research documented? 

Achieved Yes. Future research includes: (i) enhancing the solution by including several airports and 
train stations to consider network effects; (ii) including additional transport modes (bus, 
subway) in the coordination mechanism. This is documented in D6.1 
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Table 23: Research Maturity Assessment of SOLUTION 3: TRANSIT Intermodal Disruption Management Tool 

ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.1  

 

 

Has the ATM problem/challenge/need(s) 
that innovation would contribute to solve 
been identified? Where does the problem 
lie? 

Achieved To date, only coordination between connecting flights have been implemented to 
minimise the number of stranded passengers at the airport when a delay occurs on the 
first flight. However, no coordination exists between ground and air transportation 
stakeholders. Hence, when a disruption occurs on an airport access mode, passengers 
who are impacted by the disruption are delayed and are likely to miss their flights. 
Information sharing between air and ground transportation stakeholders could improve 
passenger experience by rescheduling flights and waiting for delayed passengers. 

TRL-1.2  Have the solutions 
(concepts/capabilities/methodologies) 
under research been defined and 
described? 

Achieved Yes, see D2.1,D5.1, D6.1 and one  conference paper 

TRL-1.3 Have assumptions applicable for the 
innovative concept/technology been 
documented? 

Achieved Yes (see D5.1). 

TRL-1.4 Have the research hypothesis been 
formulated and documented? 

Achieved Yes, in D5.1, D6.1 and conference paper 

TRL-1.5 Do the obtained results from the 
fundamental research activities suggest 
innovative solutions (e.g. 
concepts/methodologies/capabilities? - 
What are these new 
concepts/methodologies/capabilities? - Can 
they be technically implemented? 

Achieved Yes. Results highlight the importance of information sharing between Ground and Air 
Transportation systems to improve airport decisions and mitigate the impact of airport 
access mode disruption on passengers' door-to-door journeys. 

Since only small modification of the initial flight schedules are authorised and main airport 
constraints are considered, the solution could be implemented without major impact on 
other flights. 
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ID Criteria Satisfaction Rationale - Link to deliverables - Comments 

TRL-1.6 Have the potential strengths and benefits of 
the solution identified and assessed? - 
Qualitative assessment on potential 
benefits. This will help orientate future 
validation activities. Optional: It may be that 
quantitative information already exists, in 
which case it should be used 

Achieved Benefits: reduction in the number of stranded passengers 

Limitation: Deviation to the initial schedule could impact the other airports and generate 
other problems 

TRL-1.7 Have the potential limitations, weaknesses 
and constraints of the solution under 
research been identified and assessed?  - 
The solution under research may be bound 

Partially 
Achieved 

The solution requires accurate information on passenger arrival time at the airport.  
Currently we use simulation to model passenger arrival process during nominal and 
disruptive scenarios. 

Additional information on operational constraints should be investigated to improve the 
quality of the solution proposed 

TRL-1.8 Do fundamental research results show 
contribution to the Programme strategic 
objectives e.g. performance ambitions 
identified at the ATM MP Level? 

Achieved Yes. This solution will improve different KPIs in the areas of Efficiency, Punctuality and 
Predictability, and Resilience, thus enhancing passenger experience 

TRL-1.9 Have stakeholders been identified, 
consulted and involved in the assessment of 
the results? Has their feedback been 
documented in project deliverables? Have 
stakeholders shown their interest on the 
proposed solution? 

Partially 

Achieved 

Yes. Discussion with airport operational members and feedback from airline operators 
reveal their interest in the problematic but highlight potential conflict between 
stakeholders regarding data sensitivity. Feedback from ground transportation 
stakeholders was more limited, but was extended at the Final Event, thanks to the 
participation of representatives from organisations such as UITP and SNCF 

TRL-1.10 Have initial scientific observations been 
communicated and disseminated (e.g. 
technical reports/journals/conference 
papers)? 

Achieved See Scozzaro, G., Ma, J., Delahaye, D., Feron, E., & Mancel, C. (2022, June). Flight 
Rescheduling to Improve Passenger Journey during Airport Access Mode Disruptions. In 
the International Conference on Research in Air Transportation (ICRAT 2022). 

TRL-1.11 Are recommendations for further scientific 
research documented? 

Achieved Improve integration of airport operational constraints (integrate slot aspects, gate 
allocation) and modelling of passenger behaviour at the airport (only simulated from 
home to airport entrance)  
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4 Conclusion and lessons learned 

4.1 Conclusions 

The goal of TRANSIT was to develop a set of multimodal 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 been translated into the development of three different solutions: 

 an assessment framework for intermodal solutions which encompasses a multimodal 
indicator framework, a set of algorithms for the reconstruction of door-to-door trips through 
the fusion of big data sources and passenger surveys, and two enhanced models for the 
simulation of urban daily mobility (MATSim) and long distance trips demand (J-TAP);  

 two optimisation tools: the TRANSIT intermodal timetable synchronisation tool for strategic 
air-rail coordination and the AMAN/DMAN Ground Tool for the management of disruptions in 
surface access modes. 

The development of assessment framework for intermodal solutions covers four of the five specific 
objectives (O2, O3, O4, O5) of the TRANSIT project (see Table 1). Objectives O1 and O5 are covered 
by the two optimisation tools. The work performed has allowed us to extract a number of 
conclusions about both the state of play of intermodal concepts and passenger information services 
and the relevance of the TRANSIT assessment framework for the design and evaluation of new 
intermodal solutions. 

The review of existing ground transport and ATM performance frameworks revealed the need for a 
suitable framework for assessing multimodal solutions.  

 Although unimodal by nature, existing ATM assessment frameworks offer a valuable structure 
for a systematic assessment of the passenger experience and journey impacts and could be 
extended for the assessment of multimodal trips. 

 The interdependencies between trip legs behave differently across indicators. Adapting and 
enhancing existing unimodal indicators to measure multimodal trips requires making a 
distinction between additive indicators, for which the value of the indicator for the whole 
door-to-door trip chain can be obtained by adding the value of the indicator at each leg of the 
trip (e.g., monetary cost); weakest link indicators, where the value of the whole chain is 
determined by the worst link (leg) regardless of the characteristics of the other modes (e.g., 
capacity); and door-to-door indicators, that should be measured considering the door to door 
journey, regardless of the number of legs/modes (e.g., travel time reliability). 

 The set of multimodal, passenger centric, door-to-door performance indicators proposed by 
TRANSIT as part of the assessment framework enable the assessment of the full door-to-door 
trip from both the system and the passenger perspectives.  

The algorithms developed for the reconstruction of door-to-door trips from big data have shown 
promising results to extract a rich characterisation of the trips and travellers.  

 The validation exercises have shown that the methodology developed by TRANSIT is able to 
extrapolate the rich information extracted from surveys to larger sample sizes and different 
time periods available for mobile network data. Access to this detailed door-to-door trip and 
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traveller information opens the door to the continuous monitoring and to the longitudinal 
impact assessment of new intermodal solutions by traveller characteristics.  

 Beyond the potential to extract trips’ and travellers’ characteristics, the algorithms developed 
also provide knowledge on the factors driving or explaining the extracted characteristics.  

 The algorithm development process together with the validation exercises also showed that 
long-distance mobility is of a different nature than daily mobility. This means that modelling 
the surface access/egress leg of an intermodal long-distance trip requires the development of 
specific mode choice models that are sensitive to those features that are specific of long-
distance travellers. 

The enhanced version of the agent-based MATSim simulation framework is able to provide a good 
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.  

 The implementation of this model for the Île de France region revealed that the current 
transport network is already quite resilience under 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. The system 
allows passengers both with and without prior information to re-route very efficiently without 
causing major delays. 

 The implementation of the TRANSIT intermodal disruption management tool in this disrupted 
scenario showed that a good AMAN/DMAN coordination has a great potential in reducing the 
number of stranded passengers without substantially affecting airport operations. 

The implementation of the enhanced J-TAP simulation framework for Spain demonstrated the 
potential of the tool to simulate long-distance travel demand.  

 The Spain scenario showed reasonable matches 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. Optimal schedule coordination, 
together with a direct connection between the HSR and the Madrid-Barajas airport, resulted in 
an increase of the rail modal share from 35% to over 50% in the Valencia-Madrid leg.  

 The calibration of the J-TAP model was challenging, as it required longitudinal 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, 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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The following table summarises how the project results have made it possible to achieve the project 
objectives. 

Table 24: Achievement of project objectives 

Related objective Satisfaction Associated deliverables 

O1. Propose innovative intermodal transport 
solutions based on information sharing and 
coordinated decision making between air 
transport and other transport modes. 

Achieved D2.1 ATM Role in Intermodal Transport: 
Opportunities for Innovative Intermodal 
Concepts and Passenger Information Services 

O2. Develop multimodal KPIs to evaluate the 
quality and efficiency of the door-to-door 
passenger journey 

Achieved D3.1 Multimodal Performance Framework 

O3. 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. 

Achieved D4.1 Methodologies and Mobility Analytics 
Algorithms for the Analysis of the Door-to-
Door Passenger Journey 

O4. Develop a modelling and simulation 
framework for the analysis of long-distance 
travel behaviour that allows a comprehensive 
assessment of intermodal solutions in terms 
of the proposed multimodal KPIs. 

Achieved D5.1 TRANSIT Modelling and Simulation 
Framework 

O5. Assess the expected impact of the 
proposed intermodal concepts and derive 
guidelines and recommendations for their 
practical development and implementation 

Achieved D6.1 Impact Assessment of New Intermodal 
Concepts and Passenger Information Services: 
Conclusions and Recommendations 

4.2 Lessons learned 

After the implementation of the TRANSIT solutions and their application to specific case studies, we 
can draw the following main technical lessons: 

1. An excess of simplification of agent-based models may not only fail to capture behavioural 
changes but also complicate the calibration process. This is the case of MATSim, which 
assumes a perfectly rational behaviour of agents when reacting to disruptions. It is also the 
case of the J-TAP modelling tool, where some major simplifications were made, such the 
homogeneous behaviour of all agents with the same sociodemographic profile (place of 
residence, age, gender). These aspects should be further investigated in future projects. 
Another lesson learnt from the experiment performed with J-TAP is that the modelling of 
certain services based on service frequency rather than based on schedule information makes 
it more difficult to model solutions based on schedule modification. 

2. The adoption of hybrid modelling approaches makes complex problems more tractable. 
Agent-based models enable the simulation of individual behaviours. However, they require a 
large amount of detailed data on travellers’ characteristics, which is not always available. Also, 
they may become too complicated to treat and may lead to over simplifications, as the ones 
described above. The combination of agent-based modelling with data-based or more classical 
(aggregated) modelling approaches may help overcome these problems. In the particular case 
of the TRANSIT project, the use of machine learning models enabled the extraction of certain 
patterns which facilitated the enrichment of agent’s characteristics (e.g., age, gender, car 

https://www.sesarju.eu/


D1.3 FINAL PROJECT RESULTS REPORT 
 

  
 

Page I 40 
  

 

 

availability) and hence the agent-based model setting and calibration. Also, the combination of 
the agent-based model with traditional logit choice model facilitated and enriched the process 
of modelling long- distance modal choices. 

3. In order for the intermodal solution based on the coordination and exchange of information 
between service providers to become a reality, appropriate tools are not only required for the 
design and evaluation of said solutions, an aspect to which TRASNIT solutions have 
considerably contributed, but it also requires the design of governance mechanisms and 
incentives that regulate and encourage the collaboration between the different affected 
modes. 

4. There is a vast experience in transport modelling that can be leveraged to better design 
intermodal solutions involving air transport. However, the terms and concepts used in 
transport modelling are often different from those used in the aviation domain. A 
transdisciplinary effort and the development of a common language would therefore be of 
help to profit from these opportunities.   

4.3 Plan for next R&D phase (next steps) 

To further advance the work performed in TRANSIT, we have identified three main lines of research: 

1. Improvement of user profiling and multimodal trip reconstruction. The algorithms developed 
for multimodal trip reconstruction from the fusion of big data sources allowed us to advance 
the state-of-the-art in the exploitation of mobile network data for the analysis of long-distance 
travel. In particular they allowed the identification of travellers’ airport access and egress 
mode as well as trip purpose (business or leisure) and other relevant passenger features such 
as age, gender and car availability. In future research projects, fusion with other data sources 
and new data analysis techniques will be investigated for further enrichment of the trip 
characterisation obtained from big data sources. Examples of aspects to be investigated are 
identification of groups of travellers and traveller’s household’s composition.  

2. Improvement of the modelling of multimodal travel. The implementation of the enhanced 
models of MATSim and J-TAP has shown a great potential to assess the impact of intermodal 
solutions (i.e., changes in travel times and cost, synchronisation between modes, etc.). 
However, further research is needed to bring these models to the point in which they can be 
used in operational contexts, especially regarding the refinement of some modelling 
assumptions and the improvement of the calibration process.  

The MATSim mechanisms to model disruptions and travellers’ information awareness are still 
rudimentary and not all types of disruption in the local transport network can be modelled. 
Also, the reactions of travellers (re-routing or mode transfer) to information on disruption is 
immediate, which is not fully realistic.  

In the case of the J-TAP model, further research is needed to automate and facilitate the 
calibration process. This may require revisiting the definition of the destination attractiveness 
and utility functions of the model. The further improvement of these models will be the 
subject of future research projects. 

Also, further research is needed if we want to capture the potential of new forms of mobility 
(e.g., demand-responsive transport, shared mobility, urban air mobility) to boost intermodal 
solutions. So far MATSim and J-TAP only consider traditional transport modes. New forms of 
mobility such as shared mobility show a stronger coupling between service supply and demand 
behaviour in the immediate past. This problem is more similar to that of logistics than to 
current mobility models and requires an understanding of algorithms to schedule trips by a 
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known fleet of vehicles to serve a number of dispersed, individual demand requests. 
Agent-based models, like MATSim and J-TAP, allow the simulation of individual trips and hence 
are optimal to address these types of problems.  

Finally, the current version of the TRANSIT Intermodal Timetable Synchronisation solution only 
considers the synchronisation of one rail-air connection. Future research will enhance the 
solution by including several airports and train stations to consider network effects. 

3. Research on mechanisms for information sharing and governance. The solutions proposed in 
this project assume perfect information transfer between transport operators as well as 
between transport operators and travellers. According to the stakeholders that participated in 
the TRANSIT Stakeholder Workshop, beyond the technical problems related with information 
sharing, one of the main issues to be addressed for the implementation of intermodal 
solutions is the lack of incentives and governance models. Stakeholders need to perceive 
incentives to actually engage in coordination mechanisms. Further research on governance 
and economic aspects is needed to address this problem. A sound governance model should 
answer questions such as who is responsible for the information transfer between the service 
providers and the travellers and who should compensate the traveller in an intermodal trip if a 
connection is missed due to an unexpected disruption. 
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Annex 1. Experimental Plan 

1. Overview 

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 work done to achieve this goal has led to the development of three specific solutions: 

 SOLUTION 1: TRANSIT Intermodality Assessment Framework. This consists of: (1) a set of 
multimodal, passenger centric, door-to-door performance indicators (PIs); (2) a set of data 
analytics techniques for the detailed reconstruction of long-distance multimodal trips through 
the analysis of new big data sources; (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. 

 SOLUTION 2: TRANSIT Intermodal Timetable Synchronisation. The TRANSIT Intermodal 
Timetable Synchronisation solution enables the design of synchronised timetables between air 
transport and ground public transport modes.  

 SOLUTION 3: TRANSIT Intermodal Disruption Management Tool (AMAN/DMAN Ground Tool). 
This 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. 

2. Objectives, approach and methodology 

The objective of the validation exercises performed in TRANSIT is twofold: 

 First, those components of the solutions that can and need to be validated independently, will 
be validated at component level. Such is the case of the set of PIs and the algorithms for the 
reconstruction of door-to-door trips from the fusion of different big data sources. This type of 
exercise will validate that the tested components deliver the expected results. 

 The second level of validation consists in testing the solutions as a whole, not only in terms of 
proving that they provide the expected functionalities, but also of verifying that they have the 
expected impact on the quality, efficiency and resilience of the door-to-door passenger 
journey. 

The solutions and components developed in TRANSIT are of a varied nature. The validation of some 
of them is more qualitative and requires from expert knowledge, while others can be numerically 
validated. 4 different validation exercises have been defined and executed: 

1. Validation Exercise 1: Validation of the TRANSIT multimodal performance framework. 
Validation approach: expert judgment. 

2. Validation Exercise 2: Validation of the algorithms for the reconstruction of door-to-door trips 
and passenger profiling from big data sources. Validation approach: comparison with survey 
data. 
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3. Validation Exercise 3: Validation of the TRANSIT Intermodality Assessment Framework and the 
TRANSIT Intermodal Disruption Management Tool. Validation approach: application to the 
study of a disruption of the main public transport line connecting Paris and Madrid city centres 
with the CDG and MAD airports respectively. 

4. Validation Exercise 4. Validation of the TRANSIT Intermodality Assessment Framework and the 
TRANSIT Intermodal Timetable Synchronisation Tool. Validation approach: application to the 
study of the high-speed rail (HSR) connection with the MAD airport. 

The results of Validations Exercises 1 and 2 are reported in deliverables D3.1 and D4.1, respectively, 
while the results of Validations Exercises 3 and 4 are documented in D6.1. 

3. Validation exercises 

3.1 Validation Exercise 1: Validation of the TRANSIT multimodal 
performance framework 

The objective of this exercise is to validate that the proposed set of indicators is comprehensive, 
sensitive to correlations between different stages of a multimodal trip, and meets the requirements 
of being measurable, target relevant and easy to understand by all stakeholders. 

3.1.1 Validation approach 

The validation that the proposed framework meets the validation criteria is based on the judgement 
to experts both internal and external to the project, collected through the following questionnaire: 

• Do the proposed set of indicators cover the impact on the economic, social and environmental 
dimensions? 

• Is there any impact poorly covered? 

• Do the proposed indicators cover the door-to-door journey? 

• Does the definition of the proposed indicators consider correlations between the different 
stages of a trip? 

• Does the proposed list of indicators leave out any relevant indicator for the ground or air 
transport sectors? If so, is this omission clearly justified? 

• Are new relevant indicators proposed? Do they provide extra information from that provided 
by existing frameworks? 

• Are the proposed indicators: 

o Measurable? 

o Target relevant? 

o Easy to understand by all stakeholders? 

• Is the data used/needed to calculate the indicators available, reliable and regularly updated? 

The expected outcome of this validation exercise is of a qualitative nature. 
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3.1.2 Data and software inputs 

The main input is the indicator framework proposed by TRANSIT, documented in D3.1. 

Other relevant inputs include:  

• other indicators systems used in ATM or in ground transportation. 

• open data portals with travel statistics that provide the inputs required for measuring the 
proposed indicators. 

3.1.3 Results 

The results of validations exercise are reported in TRANSIT’s deliverable D3.1 Multimodal 
Performance Framework. 

3.2 Validation Exercise 2: Validation of the algorithms for the 
reconstruction of door-to-door trips and passenger profiling from big 
data sources 

The objective of this exercise is to validate the algorithms for the reconstruction of door-to-door trips 
and passenger profiling form the fusion of big data and conventional sources. In particular, the 
objective is to validate that the models are able to extract with an acceptable level of accuracy: 
(i) the following passenger features: age, gender and car availability; (ii) the following trip 
characteristics: airport access/egress mode and trip purpose (business/leisure). 

3.2.1 Validation approach 

The algorithms developed for the reconstruction of door-to-door trips and passenger profiling are 
machine learning models. The models are trained using a sample of data which contains the feature 
under study together with other information that may be related with the targeted feature. The 
models learn the relation between the available variables in the sample and the targeted feature. 
These relations can then be used to estimate the targeted variable in samples where information 
about the explanatory variables is available, but information about the targeted feature is not. In this 
type of models, model development and validation are closely related. The validation of these 
models follows a standard approach consisting of the following steps: 

1. Divide the sample data into training and test data.  

2. Stratify the training data into different subgroups through the application of a cross-validation 
procedure. The technique used is k-fold cross-validation and consists of the following steps:  

a. Divide the training set into k portions. 

b. For each one of the k portions:  

i. Use k-1 groups to form the new training set and the remaining portion to create 
the validation set.  

ii. Train the model and evaluate it on the validation set to obtain an estimation of 
the performance of the model on unseen data.  

c. Select the model (and its parameters) with the best performance among the different 
models run.  

3. Use the selected model to train a final model on the whole initial training set.  
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4. Validate the resulting model with the test data (which has not been used to train the model): 

a. Apply the resulting model to the test data and calculate the validation metrics by 
comparing with the ground truth. Answer the following questions: 

i. Are the considered features explicative of the studied behaviour?  

ii. Are the models overfitted, i.e., not able to be generalised for other samples?  

iii. Are these metrics good enough for the purpose of the solution? 

b. Compare the results obtained in the test data with the metrics obtained for a null model 
(a random model) or previous model if it exists. And answer the following questions: 

i. Are the metrics of the trained model better, worse or equal to the random 
model? 

ii. Is our model missing any extra variables in comparison with the other models? 
Can these variables be obtained from the analysis of mobility patterns obtained 
from mobile network data? 

For the validation exercise, three standard metrics commonly used in machine learning problems 
have been chosen: 

 Precision: number of elements correctly classified with respect to the total elements the 
model predicts to the positive class. 

 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 and recall. Using the harmonic mean avoids hindering 
underperformance from one of the two metrics (e.g., it prevents the model to score 0.5 when 
the precision is 1 and recall 0). 

3.2.2 Data and software inputs 

The validation of the algorithms for the extraction of traveller and trip features requires access to 
ground truth information about the estimated variable, in order to contrast the results obtained by 
the TRANSIT algorithms. Ideally, the data sources should contain not only information about the 
feature under research but also information about the variables linked to this feature which are used 
by the developed models for its estimation. 

Estimation of age and gender 

To calibrate and validate the prediction of age and gender covered in the passenger characterisation 
algorithm, mobile network data have been used as input. To obtain a sample of mobile phone users 
with reliable information of age and gender, two issues were identified: 

 There are users without age and gender information under their contracts.  

 When there is more than one member under the same contract, the age and gender of all the 
members are the same.  

To clean the total sample of users and keep only the reliable ones, only the agents having age and 
gender information and being the sole members of their contract were selected. 
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The configuration used for the validation experiments is the following:  

 training test split: 80/20. This means that for a sample of valid users for which the studied 
characteristics are available, 80% of it will be used to train the model and 20% will be kept for 
validation purposes.  

 cross-validation split: 5 folds. This means that 5 different subsets of samples are built with the 
80% of the sample for the training of the model. 

Estimation of car availability 

To calibrate and validate the car availability models, household travel surveys have been used.  

The configuration used for the validation experiments is the following:  

 training test split: 50/50;  

 cross-validation split: 4 folds 

Estimation of trip purpose 

To calibrate and validate the long-distance trip purpose models, AENA passenger surveys have been 
used.  

The configuration used for the validation experiments is the following:  

• training test split: 66/33; 

• cross-validation split: 5 folds 

Estimation of access and egress modes 

To calibrate and validate the proposed mode identification approach, household travel surveys and 
AENA passenger surveys have been used. 

The configuration used for the validation experiments is the following:  

 training test split: 50/50;  

 cross-validation split: 4 folds 

3.2.3 Results 

The results of validations exercise are reported in TRANSIT’s deliverable D4.1 Methodologies and 
Mobility Analytics Algorithms for the Analysis of the Door-to- Door Passenger Journey. 

3.3 Validation Exercise 3: Validation of the TRANSIT Intermodality 
Assessment Framework and the TRANSIT Intermodal Disruption 
Management Tool 

This exercise simulates the mobility of one day where the main public transport line connecting the 
city centre of the cities of Paris and Madrid with the CDG and MAD airports, respectively, is closed. 

The objectives of the validation exercise are: 

1. To validate the approach proposed for the calibration of agent-based transport simulation 
models of daily mobility. 
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2. To validate the ability of the enhanced MATSim models to capture travellers’ reactions to 
unexpected changes (disruptions) on the supply network. 

3. To assess the performance impact of TRANSIT Intermodal Disruption Management Tool. 

The first two objectives are part of the validation of the TRANSIT Intermodality Assessment 
Framework, while the third objective corresponds to the validation of the TRANSIT Intermodal 
Disruption Management Tool. 

The validation activities include two phases: a first phase where the data generated is used to 
calibrate the MATSim models of Madrid and Île de France, and a second phase that uses these 
calibrated models to evaluate the impact of the TRANSIT Intermodal Disruption Management Tool. 

3.3.1 Validation approach 

Validation of the MATSim model calibration approach 

The MATSim model is an agent-based model that takes as input a list of activities, including their 
location and the starting and end times, as well as some agent characteristics (e.g., age, gender, car 
availability, etc.). The model assigns, supported by a logit model, an initial mode and route to each 
agent for each trip. Then the model performs several iterations in which a percentage of the agents 
are allowed to re-consider its mode-route elections, until the model finds a system optimum. 

To test the developed algorithms for trip and traveller characterisation, the MATSim model has been 
calibrated for a baseline scenario. The main hypothesis to be tested in this phase is that richer 
traveller information obtained from the new TRANSIT algorithms will improve the model calibration. 
The indicators used to assess whether the introduction of the new features have improved the model 
calibration process are: 

 Modal share by distance. 

 Total number of trips between pre-defined areas. 

 Number of traffic counts accomplishing with the GEH measure. The GEH measure indicates 

how well a model is calibrated. This measure is calculated as √
2(𝑀−𝐶)2

𝑀+𝐶
, where M is the 

observed traffic counts and C are the simulated. A model is considered as correctly calibrated 
when more than 85% of the cases (traffic counts) have a GEH higher than 5. 

Comparison of calibration with and without considering car availability will let to the validation of the 
proposed hypothesis. 

Validation of the model’s ability to capture passenger reactions to disruptions and of the 
performance gains delivered by the Intermodal Disruption Management Tool 

In this phase two additional scenarios are tested: 

1. A disruptive scenario where the main public transport line connecting the airport and the city 
centre is closed. This is tested for different disruption durations: 2hrs from 14:00-16:00; 6hrs 
from 10:00-16:00 and 8hrs from 10:00-18:00. 

2. The same disruptive scenarios with the Intermodal Disruption Management Tool activated: 
push notifications are sent to a percentage of the passengers to inform them about the 
disruption, and the AMAN/DMAN coordination process is activated so as to slightly modify the 
flights schedules to “wait” for delayed passengers. 
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The following assumptions are made: 

1. Once agents know about the disruption, either from the push notification or when arriving to 
the disrupted point, they have full visibility of the state of the supply network, i.e., have 
knowledge of all available options and the duration of the closure. 

2. There is an immediate communication between passengers and air transport stakeholders 
(airport, airlines) such that the Disruption Management solution can be activated. 

The following indicators are considered to assess if the enhanced version of MATSim is able to model 
partial disruptions as well as to capture modal changes due to disruptions: 

 Number of travellers modifying their mode choice during the disruption. 

 Travel time deviations with respect to the baseline (undisrupted) scenario. 

To measure the performance impact of the Intermodal Disruption Management Tool, the selected 
indicators are: 

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

 Total deviation applied to arrival flight set (minutes) 

 Average deviation applied to arrival flight set (minutes) 

 Total delay applied to departure flight set (minutes) 

 Average delay applied to departure flights (minutes) 

3.3.2 Data and software inputs 

The data required is that needed for the implementation and calibration of the MATSim models. 

For the Madrid case study, this includes: 

 Urban transport supply information: 

o Road network obtained from OSM and OTS. 

o Public transport services obtained from open source GTFS data. 

 Demand: 

o Agent profiles and activity-travel diaries obtained from the fusion of mobile network 
data, Madrid household travel survey and AENA passenger surveys. 

o Traffic counts from the Madrid Council open data portal. 

For Île de France: 

 Urban transport supply information: 

o Road network obtained from OSM and OTS. 

o Public transport services obtained from open source GTFS data. 

 Demand: 

o Agent profiles and activity-travel diaries obtained from the national household travel 
survey (‘Enquête nationale transports et déplacements’, ENTD).  
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3.3.3 Results 

The results of validations exercise are reported in TRANSIT’s deliverable D6.1 Impact Assessment of 
New Intermodal Concepts and Passenger Information Services: Conclusions and Recommendations. 

3.4  Validation Exercise 4. Validation of the TRANSIT Intermodality 
Assessment Framework and the TRANSIT Intermodal Timetable 
Synchronisation Tool 

This exercise simulates long-distance travel for a period of one year in Spain.  

The objectives of the validation exercise are: 

1. To validate the approach proposed for the calibration of agent-based transport simulation 
models of long-distance travel. 

2. To prove the potential of the J-TAP framework to simulate long-distance travel demand. 

3. To assess the performance impact of TRANSIT Intermodal Timetable Synchronisation solution. 

The first two objectives are part of the validation of the TRANSIT Intermodality Assessment 
Framework, while the third objective corresponds to the validation of the TRANSIT Intermodal 
Timetable Synchronisation solution. 

The validation activities include two phases: a first phase where the data generated is used to 
calibrate a J-TAP model of Spain, and a second phase that uses this calibrated model to evaluate the 
impact of the TRANSIT Intermodal Timetable Synchronisation solution. 

3.4.1 Validation approach 

Validation of the J-TAP model calibration approach and of the model’s ability to reproduces 
observed long-distance travel patterns 

J-TAP is used to implement an agent-based model of long-distance travel demand in Spain. The main 
modelling assumptions are the following: 

 Population. Each agent has different characteristics. These characteristics are critical in 
determining the agent’s choices and interactions with other agents and the environment in 
which they live. An agent is defined by the following variables: age, gender, income, and home 
location. J-TAP uses an agent-centric model, which means that both the agent’s destination 
choices and modal choices are customised based on the agent’s characteristics. It is assumed 
that all agents with the same characteristics perform similar trips. 

 Destination attractiveness. The attractiveness of a destination is dependent on its facilities. It is 
assumed that the attractiveness can be modelled by the number of: bars, restaurants, hotels, 
hostels, apartments, monuments, museums, theatres, alpine huts, ski areas, boat rental 
services and ferry terminals. The different location categories influence the overall 
attractiveness depending on their seasonal patterns and on the agent profile. 

 A multimodal transport network which includes air, road and rail is implemented. Each link of 
the network has a generalised cost based on travel time, waiting time, price per km, reliability, 
etc. The mode used by the agent to reach the destination is derived using a logit model. 
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The model variables can be classified in three categories: 

 Control variables. Population data, which are obtained from the Spanish census. 

 Independent variables. Parameters that define destination attractiveness, link weights and the 
logit model. These variables are modified to calibrate the model. 

 Dependent variables. The output of the model arte the agents’ travel plans, which are defined 
by the sequence of activities and their durations. 

In order to assess if the J-TAP framework is able to simulate long-distance trips, the dependent 
variables are compared with the door-to-door trips obtained from mobile network data. The metrics 
used to validate the obtained results are: 

 Destination choice 

 Modal split 

 Number of trips 

 Trip length distribution.  

Validation of the model’s ability to capture passenger reactions to disruptions and of the 
performance gains delivered by the Timetable Synchronisation solution 

Once the model is calibrated, two additional scenarios will be tested: 

 The HSR is connected to Madrid-Barajas airport. 

 The effect of the TRANSIT Intermodal Timetable Synchronisation solution is tested with the 
HSR connection with Madrid-Barajas. 

In the first scenario, it is assumed that the travel time from Madrid to the airport will be reduced, but 
the price will not be increased. Therefore, the only variable different from the baseline scenario will 
be the travel time between the train station and the airport. 

The assumptions considered for the Timetable Synchronisation solution are the following: 

 The tool aims at creating a timetable with connections between trains and flights having a 
high-quality score. Based on two initial rail 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, so that each arrival/departure time can be changed 
by at most +/- 15 minutes. This limitation ensures that the optimised rail and flight schedules 
do not deviate too much from the initial ones, in order to avoid potentially negative effects at 
network level. The tool also takes into account constraints such as aircraft minimum 
turnaround time or train stop time at the railway station. 

 Optimal connection time. It is assumed that there is an optimal connection time of 90 minutes, 
which is the time needed by a traveller to complete all the activities associated with the 
airport: check-in, security control, go to the gate, etc. 

The effect of the TRANSIT Intermodal Timetable Synchronisation solution in the reference scenario 
will be a reduction in the waiting time when an agent transfers between air and rail. 

The indicators used to assess the performance impact of the HSR connection with the airport and the 
TRANSIT Intermodal Timetable Synchronisation include travel time, travel time reliability, 
environmental impact and resilience. 
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3.4.2 Data and software inputs 

The data required is that needed for the implementation and calibration of the J-TAP. This includes:  

Supply information: 

 Road network:  collected from OSM 

 Rail network: collected from National Access Point of Transport Data: https://nap.mitma.es/ 

 Air network data from EUROCONTROL’s R&D archive: www.eurocontrol.int/dashboard/rnd-
data-archive 

Passenger information: 

 Population information collected from Spanish census: https://www.ine.es/en/index.htm 

 Travel diaries generated from mobile network data. 

3.4.3 Results 

The results of validations exercise are reported in TRANSIT’s deliverable D6.1 Impact Assessment of 
New Intermodal Concepts and Passenger Information Services: Conclusions and Recommendations. 

4. Research coordination and development 

The research methodology (model description, assumptions, experimental design, etc.) is 
documented in detail in the corresponding project deliverables. 

Validation Exercise 2 is based on exploitation of mobile network data and their fusion with 
information from different surveys. Due to privacy protection reasons, in this case the raw data 
cannot be made open. If any researcher is interested in reproducing these results, Nommon is open 
to establishing research collaboration agreements that enable the replication of the experiments 
while complying with the necessary data protection provisions 

The code for the enhanced MATSim model for the Ile de France scenario as well as the J-TAP 
framework used for experiments 3 and 4 can be found at the following open GitHub repositories: 

 https://github.com/eqasim-org/ile-de-france 

 https://github.com/NommonSolutionsAndTechnologies/jtap/tree/develop. 

A key aspect for the replicability of results is the access to data. While the Île de France scenario was 
fully implemented, calibrated and run using open data, the experiments for Spain have as main data 
source the travel diaries extracted from mobile network data. As in the case of Validation Exercise 2, 
Nommon is open to establishing research collaboration agreements that make it possible to pursue 
research in this area without compromising data security and privacy protection. 
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Appendix A  

A.1 Acronyms and terminology 

Acronym Definition 

ADGT AMAN/DMAN Ground Tool 

SESAR Single European Sky ATM Research Programme 

S3JU SESAR3 Joint Undertaking (Agency of the European Commission) 

AMAN Arrival Manager 

AOC Airport Operation Centre 

ATM Air Traffic Management 

CDG Paris Charles de Gaulle Airport  

C-TAP Continuous Target-Based Activity Planner 

DMAN Departure Manager 

ENTD Enquête Nationale Transports et Déplacements  

GDP Gross Domestic Product 

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

HSR High Speed Rail 

J-TAP A framework that enables the development of long-distance travel demand models. 

KPA Key Performance Area 

KPI Key Performance Indicator 

OD Origin-Destination 

OSM OpenStreetMap 
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