

  sustainability-14-06503




sustainability-14-06503







Sustainability 2022, 14(11), 6503; doi:10.3390/su14116503




Article



Integrated Door-to-Door Transport Services for Air Passengers: From Intermodality to Multimodality



Danica Babić *[image: Orcid], Milica Kalić, Milan Janić, Slavica Dožić[image: Orcid] and Katarina Kukić[image: Orcid]





Faculty of Transport and Traffic Engineering, University of Belgrade, 11042 Belgrade, Serbia









*



Correspondence: d.babic@sf.bg.ac.rs







Academic Editors: Vittorio Di Vito, Gabriella Duca and Raffaella Russo



Received: 22 March 2022 / Accepted: 18 May 2022 / Published: 26 May 2022



Abstract

:

Intermodal and multimodal door-to-door journeys refer to the usage of various transport modes (air, rail, bus, road or maritime) by the traveler to complete a single journey. The main difference between these two approaches is that multimodal transport is executed under a single transport contract (a single ticket) between the passenger, on the one hand, and transport operators, on the other hand. The benefits of this type of service are reflected in the potential to save time and money. Such systems would make the transport sector greener and more sustainable, promote growth and reduce carbon emissions. The purpose of this paper is to define the concept of an air passenger multimodal transport system, identify factors and challenges that determine such a system’s development within Europe and to provide recommendations and directions for future research. The research carried out so far has indicated that market segmentation and transport system characteristics, as well as economic, social and political factors, have direct impacts on system development. This paper provides the basis for introducing single ticket, timetable synchronization and data sharing services, as well as the need to update the related regulations in order to move towards air passenger multimodality in both research and practice.
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1. Introduction


The terms intermodality and multimodality have been used commonly with reference to freight transport. The systems termed as above have been designed and used with a view to providing more efficient, effective and socially and environmentally friendlier door-to-door freight transport by combining various transport modes in consecutive order [1,2]. In intermodal freight transport, there is a separate contract for each individual leg of the journey, and accordingly there is more than one entity responsible for the successful achievement of the transport. In multimodal transport, one contract covers the entire journey. One operator takes sole responsibility and ensures door-to-door delivery is completed, even if other operators are involved in the journey [3].



Any journey involving air travel is by nature intermodal due to the combination of the trip to the airport via surface modes and the trip by air. On the other hand, analogously to freight transport, multimodality could also be considered for passenger door-to-door transport. Namely, air passengers have to access the origin airport via different surface transport modes and their systems in order to join the air transport service. Upon completion of the air travel, these modes and systems are again used from the destination airport to the final destination. The achievement of seamless multimodal passenger journeys is one of the goals of the Transport White Paper, which aims to establish a common European multimodal transport system with the potential to ensure that each mode of transport is carried out in the most efficient manner (in terms of comfort, price, speed, flexibility, reliability, etc.). Multimodality in this paper will imply the coordination and integration of different modes of transport. In this context, the main attributes of the fully coordinated multimodal service are given in Table 1, together with the corresponding attributes in the case of an intermodal, non-coordinated or partially coordinated service [4].



However, despite the existence of intermodality, coordination between different air and surface transport modes and their systems is missing at the larger scale, indicating the lack of the real multimodality. In general, such multimodality implies providing integrated door-to-door services to air passengers via a single transport operator similarly to air freight logistics service operators providing their integrated door-to-door services (DHL, FEDEX, UPS, etc.), ref. [5].



The objectives of this paper are as follows:




	
Elaborate on the developments of integrated air travel through shifting from intermodality to multimodality;



	
Consider the multimodal service within the European market;



	
Identify major factors that stimulate multimodal transport demands;



	
Emphasize and analyze the challenges and opportunities for development of multimodal service;



	
Provide recommendations and research directions to move towards future air passenger multimodality.








In addition to this introduction, this paper is organized as follows. Section 2 provide a literature review and indicates the contributions of the paper. Section 3 presents the air transport system with the main relevant transport phases. The research methodology is described in Section 4. Section 5 contains the main findings in terms of relevant factors, challenges and opportunities in multimodal service development, including recommendations for future policies. Finally, Section 6 presents concluding remarks and future research directions.




2. Literature Review


In the relevant literature and related work, the terms intermodality and multimodality can be found to have different meanings. These terms have often been used with ambiguity, although they refer to different transport service concepts. In most of the cited papers in Table 2, the use of more than one transport mode within a given period of time is referred to as multimodality. Therefore, this paper contributes by clearly stating the differences between intermodality and multimodality. Namely, as mentioned before, intermodal passenger transport is the existing transport service, while multimodal passenger transport, which indicates a fully integrated transport system (as described in Table 1), is the future service that should be achieved.



Considering the selected papers given in Table 2, it can be observed that the research has been mostly limited to the city transport and has not included air passenger transport. Few papers have considered only the link between air and rail [6,8,21], while only [25] took into consideration air transport, although this was for future urban air mobility rather than passenger air transport. Additionally, the importance of transport system integration and its advantages, as well as the importance of data sharing in such a system, are indicated in [22]. Furthermore, possible issues related to data security and privacy are pointed out, but without proposing a solution. It should be noted that [17] also investigates data sharing with a focus on systems to help in the integration of ground modes and air transport. In order to fill the gaps in the literature, our approach considers different aspects of air passenger transport integration into a multimodal system.




3. Air Passenger Journey


Air passenger journeys are realized through five phases, from planning to ending, as shown in Figure 1.



As can be seen, every journey begins with the planning phase when passengers consider their travel options before making a decision. This is followed by the phase of booking and purchasing tickets, when air passengers consider the available travel options related to the airlines and their services (time of departure, direct vs. indirect flights; other service attributes, such as priority boarding, extra legroom, lounge access, etc.), make a choice and purchase the service [26].



During the airport access phase, passengers mainly consider the selection of access transport modes and their systems in terms of availability, travel time and cost [27]. Airports and airlines can provide passengers with a variety of pre-flight and in-flight services, respectively. Airports usually deal with service quality by providing shuttle services, improved parking facilities, restaurants and shops [28]. Airlines provide online check-in and text messages and email notifications about flight delays and changes. Moreover, airlines have cooperated in the past decades through mergers, alliances and codeshare agreements and consequently improved their network connectivity, including facilitating passenger journeys at every step of their air travel (single ticketing for a set of flights, seamless check-in, bag tracking, etc.). Finally, the passenger post-flight phase, including immigration control, luggage processing and again surface access from the airport to the final destinations (doors), should be considered as well [29].



Taking the above-mentioned phases into account, a door-to-door journey for an air passenger actually represents an intermodal chain consisting of the following stages: access to the airport via different surface transport modes or systems, the airport and non-airport activities at the terminal(s) before the flight, the airline flight, the activities at the airport terminal(s) after the flight and egress from the airport to the final destination via different surface transport modes or systems. Traditionally, different transport modes and systems have been considered independently, particularly in terms of the funding and transport services providers involved. Despite the fact that particular transport service providers operate in this way, passengers usually consider their journeys altogether. This implies that when planning a journey, passengers consider the costs, convenience and complexity of the entire journey instead of a particular phase [30].




4. Research Methodology


4.1. General


Moving towards multimodality, air passenger transport is a very complex process that faces many constraints (e.g., new infrastructure, new measures) and resistance (e.g., passenger behavioral change, transport operators hesitate to cooperate). By using the five-step approach presented in Figure 2, we attempt to address this problem and provide some guidelines on how to move closer to the realization of multimodality. The research in this paper is exclusively related to the European transport market.



This process starts with an overview of the existing collaborations between transport operators in Europe, where at least one is from the aviation industry. An important step to understand the problem is to identify and define main factors that influence and shape the multimodal service (Figure 2). The factors are identified based on an analysis of the existing multimodal services, as well as on the basis of previous knowledge and literature related to the individual transport developments. Further, we discuss several challenges related to establishing a multimodal system and which set out the opportunities for improving the future transport system. Subsequently, a set of recommendations to overcome the presented challenges, in the form of pre-conditions that need to be met, is developed. The final step includes an assessment of the possible impacts of a multimodal system on passengers, the transport industry, the environment and policy makers.




4.2. Existing Multimodal Service Analysis


The existing examples of multimodal agreements among transport operators in Europe, of which at least one is from the air transport sector, are very limited, which are given in Table 3. The most common are the intermodal agreements between airlines and rail operators. Among these examples, one may observe two different approaches in developing this type of cooperation. The most common approach is that an airport–rail link is offered as part of a mainline rail or commuter rail service. This is a dedicated railway line that connects the main rail station in the city and the station at the airport terminal and is operated by express, intercity and commuter trains. In addition to passengers traveling to the airport, these lines are also used by passengers who continue their journey by train. The other approach is to build a rapid transit or light rail system between the airport terminal and the city center that offers a non-stop service with a high frequency. Along with air passengers, these lines are also used by employees who work in the airport area on a daily basis.



Either way, these agreements have found a level of political support in the European Union because certain environmental externalities can be reduced by transferring passengers from air transport to high-speed rail (HSR) or by lessening congestion at some European hubs that operate under capacity constraints [31].



All of the examples mentioned above offer a number of potential advantages for the parties involved, i.e., airlines, rail operators, intermodal airports and passengers. They enjoy strong political support in Europe, in part because of the perceived contribution they can make to the achievement of environmental policy targets [38].




4.3. Identification of Main Factors Influencing Future Multimodal Passenger Service


In order to provide conditions that enable the introduction of complete multimodality in air passenger transport with air transport as the central mode, it is necessary to learn how passengers perceive the whole process and behave while making their choice of surface access mode on their way to and from the airport(s). Bearing in mind that air passengers have different preferences depending on the purpose of their journeys, it is important to gather information related to different categories and segments in order to understand their behavior.



In the following sections, the objective is to examine the key factors that influence the use of multimodal transport by passengers who travel by plane, namely air passenger segmentation, demographic and socio-economic characteristics, airport access mode choices and economic and political factors.



Air passenger segmentation: In air transport, there are two basic trip purposes: transport taken primarily for business and transport taken for a number of non-business reasons (e.g., holiday, visiting friends and relatives (VFR), education). Business travelers are time-sensitive and relatively indifferent to price, while non-business (leisure) travelers are price-sensitive and show more flexibility over travel time.



In addition to the trip purpose, air transport planners and researchers further segment the air travel market by applying different attributes. For example, the following approaches in passenger segmentation are identified: (i) the situational segmentation methodology based on grouping passengers according to booking preferences and travel requirements; (ii) the socio-economic segmentation approach based on personal and social characteristics, such as gender, nationality, religion, age, physical (dis)abilities (which may require special assistance, such as use of wheelchairs), relationship status, income, first language, occupation and education or qualifications, as well as whether passengers are traveling alone, in a social group, in a family group or with babies or young children; (iii) the psychographic segmentation approach based on criteria such as personal values, behavior and attitudes (trip motivation, destination, length of flight, length of total time away from home, travel class, cultural background of the passenger, airline preference, membership in an airline or alliance loyalty programme and environmental considerations) [39].



Passenger segmentation is the subject of many studies, and the two main groups, business and leisure, have been thoroughly examined, along with the various sub-segments in each of these two major groups. However, the sustainable development of air transport requires air services to be continually adapted and for new ones to be offered in order to serve more markets. In order to be viable, such services must be acceptable to air passengers, meaning the sustainable development of air transport depends on the willingness of passengers to use these new transport services.



Demographic and socio-economic characteristics and attitudes: Demographic and socio-economic characteristics have been proven to be critical determinants of transport mode choices, the most important of which that can be singled out are gender, household members, income and car ownership. Overall, younger people (the age group of 16–19) and older people (55+) are less likely to fly than middle-aged passengers. In terms of socio-economic groupings, the largest groups of infrequent flyers are junior managerial or skilled manual workers, with more frequent flyers than infrequent flyers within then middle and senior managerial staff groups [40]. Gender has been studied with regard to travel purposes, and it was found that men tend to travel more often than women for business, but women travel more often for leisure purposes. Gender differences in the peak age for travel only exist in business travel, with travel for women tending to peak earlier than travel for men [41].



Generally, in order to travel, passengers need to perceive traveling as safe, to have the confidence to travel and there need to be favorable economic conditions [42]. In air transport, the choices are reduced to choosing the airport, airline and transport mode to and from the airport. The purpose of air travel (e.g., business travel vs. non-business travel) has been proven to be a major factor when choosing among available airports [43,44]. With regard to airline choice, the fare is another decisive factor affecting the choice, whereby business passengers are willing to pay more for a shorter travel time than non-business passengers [44].



Airport access mode choice: Since the airport itself is not the primary destination, consideration must be given to access to the airport via different transport modes and systems. At most large airports, the surface access is provided by the road and rail transport modes. The former include cars, taxis and buses. Those of the latter include light rail transit (LRT), subway and metro systems, regional and national conventional rail and HSR systems, the Transrapid Maglev (TRM) system and the recent, futuristic hyperloop (HL) system. All of the abovementioned modes and their systems usually operate either through cooperation or competition. At smaller regional airports, the road-based transport mode is most frequently the airport surface access mode, i.e., cars, taxis and buses [45].



Factors influencing the choice of airport surface access mode are availability, access time, access cost, transport service frequency, reliability, resilience (resilience is commonly used to describe the ability of an entity or system to bounce back to a normal condition after its original state has been affected by a disruptive event [46]), punctuality, convenience of the arrival time at the airport, convenience of storing and retrieving luggage and whether the access involves transfers [30,47,48]. The access time and cost are directly proportional to the airport access distance for almost all access modes and systems across many European and US airports [45]. Among all options (e.g., car, taxi and public transport), car transport usually has the largest share due to the greater comfort, convenience, personal security and reliability perceived by passengers [49]. Thus, to become attractive alternatives, taxi and public transport options should meet passengers’ needs and preferences by understanding the main factors that influence their choices.



Along these lines, access cost and travel times to and from the airport are considered the two most significant parameters that negatively affect the access mode choice regarding alternative-specific attributes [27,50]. Reliability is the next most important factor for air passengers, because late arrivals at the airport cause high amounts of stress due to the high possibility of missing a flight [51]. Some studies have shown that price is less important than time if a new, more reliable public transport system is available to access the airport [52].



Economic factors: The economic development of a region will impact both the amount of investment that may be made in the local transport system, as well as the travel behavior patterns of its residents and visitors [15]. Moreover, the economic characteristics of the population area that is served must be taken into consideration when allocating transport resources to allow for factors such as access to a private vehicle, working hours or other travel patterns, availability of funds for public transport fares, familiarity with the local transport network and other characteristics that may reflect the overall economic status of the prioritized area [53].



Many efforts have been undertaken to reduce market entry barriers and enhance competition; hence, the level of development in terms of fair competition varies across Europe. The process unfolds very slowly because the EU states are still protecting their companies, meaning there is a mixture of different national transport systems and not a single transport market.



Political factors: The multimodal transport concept does not operate in isolation; the multimodality is part of a large integrated transport system. For multimodality to be successful, policy makers at all levels (municipal, regional and national) must consider transport as a whole, not in unimodal segments. Therefore, to ensure maximum connectivity in multimodal transport, there must be no regulatory bottlenecks. Some of the regulatory bottlenecks can result from some other policy objectives, and these can have direct effects (e.g., safety and quality inspections and security measures) and indirect effects (e.g., cabotage restrictions such as restrictions on domestic transport) [54].



Legal diversity is often an obstacle to commercial operations between partners from different legal systems, i.e., different countries. Laws and regulations should be made compatible, promoting the free interchange of passengers from one mode to another.





5. Prospective and Future Developments


5.1. Challenges for Policies


The key challenges the transport industry will face in developing a multimodal service are primarily focused on how to create an attractive and efficient multimodal network. This section analyzes the main challenges, as they should provide valuable insight for future guidelines when building the corresponding transport policies.



Four hour door-to-door travel: The challenge of providing 4 h door-to-door travel within the EU (the goal set by Flightpath 2050 [55]) can be considered as an initial step towards multimodality in the given context. The concept of 4 h door-to-door journey time within the EU [13,56] is presented in Figure 3.



Here,    t  g a     is the surface access travel time from the origin to the departing airport;    t  p r e     is the time that the passenger spends at the airport before boarding the flight (passport control, security control, waiting time and non-aviation activities, boarding time);    t  a i r     is the time spent on the flight;    t  p o s t     is the time that the passenger spends at the airport after arriving (passport control, waiting time in the luggage claim, custom control);    t  e g     is the surface travel time from the arriving airport to the final destination.



The 4 h door-to-door travel time via different airport surface access modes and their systems within the EU is difficult to achieve due to the time requirements for all parts of the travel chain [57]. Theoretically, 90% of trips involving at least one flight segment and airport access and egress only by car could be completed door-to-door within 4 h within and between the EU-28 member states [58].



Single ticket and payment system: Price integration across all transport modes has not been a common practice for transport authorities across the region and beyond, but it will make the multimodal system easier and facilitate transfers [59]. When purchasing a single ticket, the system should automatically calculate different price combinations from the beginning of the journey to the destination, allowing the passenger to choose the most suitable one. The revenue should be split between the transport operators based on the transport means the passenger traveled with.



However, a prerequisite for a multimodal single ticket and payment system is free access to price data from the transport operators involved. At present, there are no common EU rules on access to fare data (beyond the Delegated Regulation 1926/2017 on EU multimodal travel information services). This means that data are collected and made available in different formats only based on common standards developed by the parties of the commercial agreement [59]. The evident lack of interoperability between the application programming interfaces (APIs) of various stakeholders and the application of different standards, which additionally increase costs and discourage investment, is a technical challenge that has delayed the development of this system [59].



Synchronization of timetables: Another problem is working out how to synchronize timetables from different transport operators at intermediate points, such as railway stations, bus terminals or airports, in order to maximize the number of synchronized train or bus arrivals at transfer nodes (e.g., airports) or to minimize the total transfer waiting times experienced by passengers. Most of the European airports are very busy hubs where departure and arrival times are strictly given without the possibility of change. However, due to the large number of train and bus arrivals and departures per hour, it is not possible and not even necessary to make interconnections between all flights from a particular airport and arrivals and departures of other public transport modes individually. For small, secondary airports, which are not congested, timetable synchronization is much easier.



The most important criteria from the passengers’ perspective related to timetables are synchronization at interchange nodes, operational reliability, information availability and supplementary services [60]. There are many different approaches and criteria leading to solutions for the timetable synchronization problem available in the literature [61]. Based on the overview of the proposed solutions, it can be concluded that there is not only one approach and one universal solution to this problem. Individualized solutions are necessary for each specific situation.



Luggage integration: The transport of luggage is one of the decision-making factors involved in the choice of transport mode. Despite the increasing costs and increasing traffic problems, the car is still the most popular means when accessing the airport, above all due to luggage handling. The reason is that compared to all other flexibility aspects, flexibility with luggage is highly valued [62]. Thus, the public transport must be highly attractive and should operate within the framework of an overall airport feeder system.



Around 130 airports worldwide have rail connections [38], with further railway connections being planned. However, there are only a few airport rail operators that offer an in-town check-in service for passengers to drop off their luggage before the flight at the central railway station (some examples can be found in Table 3).



Data sharing: Towards ensuring reliable and efficient operations, as well as accurate passenger information, many public transport systems today rely on digital information systems. However, transport operators appear to be more reluctant to share their data for the fear of it being misused [59]. Some of the data might not be suitable for sharing due to privacy, competition laws or commercial restrictions and concerns.



In order to create a multimodal ecosystem and to exploit the full benefits of digitalization, access to high-quality data, including data on routes, schedules, fleet availability, accessibility information, road works, traffic and disruptions, will have to be ensured [63]. This problem is further deepened by the fact that no common EU rules or standards for access to fare data exist (beyond the 2017 Delegated Regulation) [59]. This is the reason why data are still being collected and made available in different formats.



Revenue sharing: The most important concern of the stakeholders involved in multimodal transport is the matter of ticket revenue sharing. Public service obligations (PSOs), in particular, were highlighted as an obstacle for revenue sharing in integrated ticketing [59]. The integration of public (usually subsidized) transport services and commercially viable services can be difficult, because the subsidization of operations can serve to determine how transport operators can sell their tickets. PSO operators may be exempted from providing access to price data under clauses related to the subsidized prices [59]. This is why revenue sharing between multiple parties in a multimodal service system requires new models for price and revenue collections. A government body may be responsible for setting rules for cost and revenue sharing and for settling all transactions.



Responsibility sharing: When the transport service is provided by more than one transport operator and involves different transport modes, the rules of responsibility and the laws related to these operators are important points. The main question in terms of passenger rights and responsibilities is: When a journey is disrupted (e.g., in the case of a delays, cancellations, lost luggage and injury or death to passengers), who is responsible?



In the current system, if a journey is conducted by different transport operators, passengers may not be fully protected throughout their journey, because the existing passenger rights legislation may be applied independently to each individual transport mode [64]. In other words, passenger rights cannot be guaranteed when a disruption occurring during one transport segment affects the following one if the latter segment is operated via another mode of transport.



The existing multimodal services are generally based on cooperation agreements between an airline and a high-speed rail operator (Table 3). General terms and conditions regarding multimodal services offered by these transport companies do not seem to include any specific provisions addressing the issues of passenger rights in a multimodal context [64].



Thus, in the case of multimodal transport services that are sold under a single contract of carriage, it is very important to implement new measures (recommendations, rules, laws, etc.) that will provide a proper balance between protecting the passenger rights, on the one hand, and profit for the transport operators, on the other hand.




5.2. Recommendations for Policies


The conditions that made seamless door-to-door journeys in the European Union (EU) possible include technological progress, big data usage, strengthening of the EU and the synergistic attitudes of countries and companies [4]. The purpose of this section is to present recommendations concisely within the context of the development of a multimodal system.



Future air passenger segmentation: For door-to-door air passenger journeys, particular attention should be given to the following two segments: (a) empowered travelers who control their own trips, independently access the information, plan and reserve certain parts of the trip independently, react to plans and adapt them to the circumstances; (b) guided travelers who entrust most of their planning and delivery to agents and rely on them to possibly adjust the itinerary to new circumstances [65]. Six profiles of future air passengers have been identified (for the year 2035), reflecting major developments in the European transport market, as shown in Figure 4 [66].



What is certain is that the price will remain the main driver behind the customer’s choice. Additionally, it can be expected that business travelers will still value their time above all. However, people are becoming increasingly concerned about the environment, which will further influence their travel choices. For one segment of passengers, simply traveling by air will not be enough and they will be looking for something extra. Some operators will pay special attention to adolescents and offer them special sections on their larger aircrafts for meetings, playing games and establishing friendships with people of their own age. The number of passengers from developing countries using air transport services for the first time is also expected to increase [67].



It is expected that the COVID-19 pandemic will influence the market segmentation in the airline industry [68] and in other modes of transport as well, so it is important to understand how air passenger traffic will evolve in the short term during the industry restart. Moreover, future market research efforts may indicate new segments based on passengers’ attitude to travel due to the pandemic or other external global disruptions.



Harmonization of legal frameworks for multimodal transport operations: There has been an effort made to harmonize certain rules for door-to-door transport operations involving several modes of transport where the origin and destination are not in the same country. Directive 2010/40/EU7 provided the legal framework for the development of intelligent transport systems (ITS) and effective information systems and for the collection of traffic data throughout all modes of transport; however, the passengers’ rights legislation remains mode-specific. In 2015, the European Parliament called in a resolution for a proposal covering multimodal journeys with clear and transparent protection of passengers’ rights in the multimodal context, taking into account the specific characteristics of each transport mode and integrated multimodal ticketing.



As far as multimodal transport is concerned, there is no international treaty that covers transport operations involving more than one mode of transport that is in force and implemented. The starting points for developing these types of rules could be the existing agreements on the combined or intermodal transport of goods: (1) the European Agreement on Important International Combined Transport Lines and Related Installations (AGTC) and (2) the Agreement on Organizational and Operational Aspects of Combined Transportation between Europe and Asia. The AGTC defines a common infrastructure quality standard for combined transport in the main European transport corridors. It contains an annex that lists all of the lines and corridors to which this minimum standard will apply. The annex is updated regularly in light of information received from the participating states [69].



Four hour door-to-door journey: The Flightpath 2050 goal is to enable a door-to-door travel time of four hours or less for 90% of all intra-European travelers. Achieving this goal will require multimodal and procedural improvements to create a favorable operational environment that supports time-efficient and affordable travel. Generally, transfers from one mode to another have a negative effect on the overall travel satisfaction [70]. Thus, the satisfaction with trips with a large number of legs, such as metro, train and air trips, is expected to depend on the transfer experience. Thus, the overall passenger satisfaction can be improved by reducing these travel critical phases; however, this will not suffice. Reductions in airport access time must also be achieved, which will be made possible by upgrading airports into real multimodal transport nodes.



In general, the 4 h door-to-door journey time goal in Europe could be possible under the following conditions:




	
Short-haul non-stop flights must be taken (flight duration should be approximately 1 h);



	
The smooth movement of passengers and their luggage through the terminal must be ensured;



	
An appropriate airport ground access system at origin and destination airports should be provided, along with high-quality infrastructure. Travel times will vary depending on the timetable (departure and arrival times), as well as the time of the day when the journey is taken (peak or off-peak);



	
The location of origin and the final destination within the catchment area should be accessible within a determined time (no more than 45 min). Each airport has a catchment area, so the travel times to and from the airport will depend on the place where the journey begins and ends.








Single ticketing and payment system: For multimodal ticketing and payment systems, it is essential that the data are shared among transport operators and transport modes, because transport can be coordinated only if these are fed with quality data generated by the different transport systems [59]. The computerized reservation systems (CRS) used in the airline industry can be used as an example of good practice. This system is used for booking and scheduling information by travel agents on behalf of airlines, but it also provides information on hotels, car rental services and other activities. For this purpose, data sharing regulations were imposed on airlines both in the US and in the EU to force transparency and neutrality in the display of information via these platforms [59].



Another good example is the Finnish Act on Transport Services, which sets out three obligations to open up APIs. It mandates access to essential data concerning mobility services, the granting of access to a sales interface for single tickets or a reservation interface for transport and access to a sales interface when acting on someone else’s behalf [59]. This act mandates that public service providers operating under a PSO comply with interoperability requirements. In addition, the relevant provisions of Regulation EC 1370/2007 on revenue allocation between the contracting authority and the transport operator provide the legal basis for appropriate interventions [59].



Synchronization of timetables: Timetable synchronization is a very complex problem affected by numerous other conditions and factors. The most important one is the transfer time between two modes of transport (i.e., arrival time of the vehicle from one mode and the corresponding departure time of the vehicle for the other mode). Transfer times that are too long can cause passengers to have to wait, meaning the attractiveness of this service will be low, while those that are too short can decrease the level of comfort and increase the stress caused by the fear of missing connections [71]. Another important factor is the demand distribution over time, due to the high demand variability.



Although it is very hard to propose a single solution in terms of timetable synchronization, some recommendations can be highlighted [71]:




	
Shorter transfer times can be applied to those connections with predominantly business passengers because they travel frequently, alone, with less luggage and know the process very well;



	
Longer transfer times can be applied to those connections with leisure passengers because they carry more pieces of luggage, usually travel in a group and often search for additional information;



	
In order to cope with demand variations, time should be divided according to the transport extent (e.g., according to the day—working day, weekend—or according to the time of day—peak, off-peak, morning, evening, etc.) and the process should be optimized according to each individually considered time period with different operational features.








Luggage integration: There is great interest among air passengers in using the train for arrival to the airport if a luggage check-in system at the train station is offered [62]. This will certainly encourage a modal shift of the intra-European short-haul air-feeder traffic, as well as the airport-feeder traffic overall to the train.



Data sharing: In order for seamless multimodal transport to be achieved, mobility platforms are needed, although these require access to data. Moreover, data sharing among transport operators is also necessary because in this way it will be easier to coordinate their services [63]. However, data sharing regulations play an essential role in supporting sustainable mobility. An example of a data sharing policy framework is based on good practices from the existing policies and data sharing initiatives and consists of five interdependent and complementary layers [72]:




	
Use and analysis: Policies to enable public, private or other third parties to access shared data and to ensure the ethical use of data to protect public interests.



	
Governance and accountability: Policies that establish roles and rights of parties over their data and shape the structure of the governing bodies.



	
Data infrastructure: Policies related to the development of physical and digital infrastructure to allow management over data resources and flows of data.



	
Data standards: Policies to support the development and adoption of data and metadata standards to ensure interoperability across multiple stakeholders.



	
Data collection and merging: Policies to enable the collection of data generated from diverse sources and the assembly of data sources within a data sharing initiative.








Big data opportunities: Digital transformations and the associated utilization of big data technologies (mobile phones, Twitter, credit cards, Google data, FlightRadar24 data, etc.) have created good opportunities by allowing the collection of unprecedented volumes of data across all modes and transport systems. In terms of door-to-door passenger journeys, the information that can be collected relates to the passenger profile, residence or accommodation at the destination, time of stay at the destination, places visited, frequency of trips, another factors. In the kerb-to-gate and gate-to-kerb terms, the obtained data could be used to identify and predict bottlenecks and to collect real-time information about airport services [73]. Information from personal mobile devices combined with information available from different stakeholders and infrastructure and vehicles could be used for short-term predictions of passenger flow, for strategy development and in case of disruptions [17].



Multimodal terminal transfer distance, speed and time:  A multimodal passenger terminal has to ensure the efficient and safe transfer of passengers between road, rail and air transport modes. This is the point at which several modes of transport are physically and operationally integrated (a user-friendly walking environment between stations), which complement each other to facilitate the passenger’s journey from origin to destination. In a multimodal system, airports are seen as the main multimodal terminals. Although building a new multimodal terminal has its advantages, this is a very time-consuming and costly option, especially within Europe. Another option is to adapt the existing airports to the requirements of this specific service by implementing new multimodal transport options.



A multimodal terminal should provide the following:




	
Suitable local accessibility to the site for all users (especially the disabled);



	
Platforms for passengers to arrive or leave the terminal;



	
Direct access between different platforms for all modes of the terminal (rental car facilities, offsite parking, public transport and airport);



	
Adequate facilities facilitating transfers between modes;



	
Reduced travel and waiting times compared to the time needed for the same journey without a transfer;



	
A common area to wait for transfers, where passengers can do other activities;



	
Timetables and information desks for the different modes located all over the terminal.








Attractiveness: Attractive service features tailored to air passengers are essential for the acceptance of public transport. Most European cities have well-developed public transport networks, although the problem is that these networks work mostly independently from one another. This reduces the overall attractiveness of public transport in comparison to private cars.



To attract users, public transport must offer services that are fast, reliable and performed at high frequency. Additionally, public transport is expected to be safe and operated to high environmental standards. By making public transport seamless, more people could shift from using private cars to public transport for trips to the airport, which will in turn lead to less congestion, lower air and noise pollution and greater safety.



A successful multimodal transport system will require that passengers are provided with practical and reliable information about their journey in real time, such as potential changes, connection times, alternative routes and alternative transport options. Offering affordable tickets, ticket discounts and special services is also a way to quickly attract potential passengers.



Other requirements will be to facilitate market access and to protect fair competition by discouraging discriminatory practices. These will need to be accompanied by adequate enforcement measures.



Some other attributes that can attract people towards using public transport, i.e., the future multimodal service, are [63]:




	
Simplifying the ticketing system with a user-friendly interface and customized and transparent reporting, along with multiple ticketing choices and ways to buy tickets;



	
Facilitating seamless connections at all stages of the journey (providing better interchange facilities) and providing interoperable systems among transport modes;



	
Increasing the system resilience, which will be of particular importance in multimodal systems, which tend to be more sensitive than individual transport systems because they consist of more than one mode of transport.








Multimodal alternatives: There are three business models operated under a single contract that can be implemented for multimodal transport:




	
A single contract resulting from an agreement between two or several operators to offer a multimodal product, in which one of the operators acts as the single contracting party towards the passenger. In such case, provisions regarding liability sharing are included in the agreement between the operators involved, e.g., Maas;



	
A single contract consisting of a product offered by an intermediate entity (such as an online seller or a tour operator, for instance), which includes transport services from all operators involved. The passenger enter a transport contract with the intermediate entity, e.g., charter airlines;



	
A single multimodal transport operator that has a fleet of vehicles (e.g., aircraft, trains, buses) at its disposal, either through direct ownership or under lease, and that offers the multimodal service as a single entity and has its own insurance coverage arrangements, since it will be accepting liability for the entire transport process, e.g., cargo integrators.









5.3. Assessment of Expected Impacts


In this paper, we address the potential impacts that the multimodal concept is expected to have on passengers, transport operators, the environment and policy makers.



The multimodal service is expected to have a positive impact on passengers in terms of providing better connectivity. The expansion of a transport network as a result of multimodal connectivity should bring about better links to regional and urban areas, which in turn should increase tourism, the city’s attractiveness and the citizens’ well-being. It is also expected that passengers will have access to an improved transport service with better legal protection if a disruption occurs during a multimodal journey [64]. In particular, this type of service should have positive impacts for people with disabilities as it will provide them with access to multimodal transport systems and services tailored to their specific needs [46]. In order to succeed in the market, this modal integration has to allow generalized cost reductions for some journeys [31].



Transport operators should benefit from the increased demand due to the improved connectivity and interchange opportunities, as well as the decreased congestion and better legal protection of passengers. By providing services from remote cities to airport hubs, surface modes can increase air passenger demand to their major market [6]. A multimodal service can help in linking different businesses and markets, which in turn should lead to improved operating efficiency and profitability.



Regulators and policy makers nowadays are constantly searching for transport solutions that will reduce congestion, pollution and energy consumption and increase safety. It is believed that such services will protect the environment by promoting transport modes that are more sustainable, i.e., by ensuring an optimal modal combination (a shift from the use of private cars to public transport) [8]. However, this will require the use of new communication and information technologies in order to provide passengers and transport operators with real-time data, to build new infrastructure to facilitate seamless transport and to adopt new policy measures specific to multimodal journeys (legislation).





6. Conclusions


A multimodal air passenger transport system is envisaged for Europe to optimize the comparative advantages of each transport mode involved to achieve more sustainable transport within and between countries. In order to provide seamless multimodal services, it is necessary to connect individual transport operators through efficient transport infrastructure and services at the national and international levels.



This paper proposes a systematic approach and recommendations based on an analysis of the main factors and challenges in developing a multimodal air passenger transport system and services.



These main factors include air passenger market segmentation, demographic and socio-economic characteristics, airport accessibility, economic conditions and political circumstances.



The main challenges in developing a functional multimodal air passenger transport system in Europe enabling 4 h door-to-door journeys within the EU include a single ticketing system, timetable synchronization and luggage integration, as well as data, revenue and responsibility sharing.



The recommended possible future actions to be undertaken in order to face the abovementioned challenges and forthcoming trends for air transport system development are summarized as follows:




	
Air passenger market segments must evolve due to the influence of digitalization and the increased use of new information technologies, along with changes in environmental and political awareness, which should be taken into account;



	
The rules must be harmonized to cover the relationships between the operators of the different modes of transport involved, both nationally and internationally;



	
New policy and legislative measures specific to multimodal journeys and related to data, revenue and responsibility sharing need to be adopted; special attention should be paid to the regulation of data sharing, since data sharing is the first step towards an integrated ticketing and payment system;



	
New communication and information technologies should be employed in order to provide passengers and transport operators with real-time data;



	
A remote luggage check-in system should be offered;



	
Seamless connections should be facilitated at all stages of the journey (via better interchange facilities and timetable synchronization) to ensure the acceptance of public transport as a transport mode.








The ways in which individual transport modes and the environment interact can give rise to economic benefits, whereby the impacts of the multimodal service as a whole will be greater than when each service operates individually. However, the impacts of each transport mode and the overall multimodal performance will vary across the markets. The success will depend on transport infrastructure developments, access to facilities, passenger attitudes and behavior and economic factors. Therefore, an appropriate strategy should be developed for each market, setting the main priorities that cover all modes of transport and striving to achieve a fair and efficient single market. After this, the priorities for each individual transport mode should be addressed.



Regardless of the prevailing circumstances, these recommendations are fundamental to allow the multimodal service to operate optimally while reducing congestion and emissions. It is expected that private and public transport operators, as well as governments, could use these results as guidelines for a feasibility study of multimodal transport.



Further research on the topic of air passenger multimodality systems could be performed as follows:




	
A thorough impact assessment of the participants in future systems;



	
Strategy and scenario planning and studies on data usage and passenger rights in a multimodal operation environment;



	
Evaluations of the already established and conceptual systems;



	
Examinations of the willingness of transport operators and passengers to use fully integrated multimodal air passenger transport systems through interviews or surveys.
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Figure 1. Simplified scheme of the five phases of air passenger journey. 
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Figure 2. Five steps of the proposed research approach. 
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Figure 3. Door-to-door passenger travel time. 
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Figure 4. Future passenger profile identified in DATASET 2050 (data are taken from [66]). 
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Table 1. Non-coordinated or partially coordinated vs. fully coordinated transport service attributes [4].
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	Non- or Partially Coordinated—Intermodal Transport
	Fully Coordinated—Multimodal Transport





	Separate tickets
	Single ticket



	Timetables—non-synchronized arrival/departure times causing longer waiting times at transfer points
	Timetables—synchronized arrival/departure times among transport operators, enabling shorter waiting times at transfer points



	Longer walking distance between terminals during transfer due to current location of terminals and stops
	Better location of terminals and stops—shorter walking distance between terminals during transfer



	Multiple information sources
	Single information platform



	Responsibility of passenger or transport operator involved (each mode independently)
	Responsibility of passenger or responsibility shared among transport operators involved



	Luggage check-in at the airport
	Possibility of remote luggage check-in



	Access facilities (elevators, ramps, vertical and horizontal escalators, automated people movers)
	Additional access facilities at transfer between terminals and stations for all modes of transport
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Table 2. Selected papers on multimodality.
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	Reference
	Problem Considered
	Case Study
	Aspects of Multimodality





	[6]
	Factors relevant to any competition assessment of air–rail intermodal agreements.
	Europe
	Considers only the link between air and rail, door-to-door is not considered.



	[7]
	Travel trends among young adults: declining car travel demand and the understanding of ‘peak travel’.
	Germany
	Limited to city transport, without air transport



	[8]
	The environmental impact of introducing a high-speed air–rail link.
	Spain
	Considers only the link between air and rail, door-to-door is not considered.



	[9]
	How the change in urban mobility cultures affects the variability of mode choice (from urban monomodality to multimodality)
	Germany
	Limited to city transport, without air transport (multimodality—using different modes of transport without coordination)



	[10]
	Ways to improve public transport services by using intermodal passenger transport.
	Romania: Timisoara
	Limited to city transport, without air transport



	[11]
	Evaluation of Urban Public Transport intermodal hub quality through level of service—total transfer time.
	Russia: Moscow
	Limited to city transport, without air transport



	[12]
	Relation between high level of multimodality and less car use
	England
	Considers only ground modes, multimodality—using different modes of transport without coordination



	[13]
	Model for estimation of full door-to-door travel time between two cities using either the train or the plane.
	Europe
	Considers only total travel time in the current intermodal system



	[14]
	Survey of real door-to-door travel times in long-distance traffic by air and rail
	Germany
	Considers only total travel time in the current intermodal system



	[15]
	Provision of effective transport services for vulnerable populations and areas and identification of methods to overcome these challenges.
	General
	Limited to city transport, without air transport



	[1]
	Intermodality is a key solution for sustainable cities in terms of societal changes and mobility trends.
	Berlin, Paris, Copenhagen, Hamburg
	Limited to city transport, without air transport



	[16]
	Survey on multimodal choice behaviors of intercity travelers (airplane, High Speed Rail-HSR, traditional train, and express bus).
	China: Xi’an
	Multimodal choice, not multimodal trip



	[17]
	Different approaches to information sharing, common situational awareness and real-time collaborative decision-making between airports and ground transport stakeholders.
	Europe
	Considers systems to help integration of different modes



	[18]
	Factors which influence service quality of multimodal transportation of a hub with different types of public transport: metro, bus and rail.
	Anand Vihar, Delhi
	Limited to city transport, without air transport



	[19]
	Walking time distributions for transfers from bus to rail platform are examined (based on smart card data and automatic vehicle location data).
	Denmark
	Considers only walking time between two modes, without air transport



	[20]
	A bi-level model for a multimodal network design problem is developed.
	General
	Without air transport



	[21]
	Air–rail integration: causal relationship between passengers’ psychological and behavioral variables; identification of different passenger groups for service improvement.
	China: Shijiazhuang Zhengding International Airport
	Considers only the link between air and rail, door-to-door is not considered.



	[22]
	Designing a personalized multimodal travel service to recommend a route based on individual preferences, and to improve its performance.
	China
	Limited to city transport, without air transport



	[23]
	A route choice model for a large-scale multimodal public transport network. Metro, urban rail, local trains, regional trains and busses are included.
	Greater Copenhagen Region
	Limited to city transport, without air transport



	[24]
	Sustainable integrated transport and reduced bottlenecks in PT infrastructure, increasing the capacity of existing transport services.
	Albania, Italy, Greece, Bosnia and Herzegovina, Croatia, Serbia, Montenegro, Slovenia
	Without air transport



	[25]
	Future urban air-taxi services—models and algorithms for pooling and scheduling and for routing and recharging; synchronization of different transport modes.
	General
	Limited to city transport
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Table 3. Existing multimodal agreements among transport operators in Europe and their characteristics.
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	Name
	Contract Parties
	Characteristics





	Rail&Fly

[32]
	Deutsche Bahn-German Rail Company

Airlines

Tour operators
	
	
Train ride from any train station to any airport in Germany;



	
Service can be booked only in combination with an international flight ticket;



	
The ticket price is reduced in comparison to when separate tickets for air and rail are bought;



	
For flight bookings in the economy class, train tickets are for the 2nd class, and for flights in the first class, train tickets are for the 1st class;



	
The ticket is valid the day before the flight departure, the day of the flight departure, the day of the flight return and the following day after the flight return;








	AIRail

(Germany)

[33]
	Deutsche Bahn

Airlines

Lufthansa, American Airl. Emirates
	
	
The service is provided from Cologne, Stuttgart and Dusseldorf to Frankfurt airport;



	
The ticket has the train number and flight number of the operating airline; can be booked in the operating airline booking systems;



	
Check-in for the final destination is enabled at the train stations in Cologne and Stuttgart, resulting in two boarding passes, one for the train and one for the flight;



	
When returning, passengers will receive the boarding pass for the train at the embarkation airport;



	
The luggage can be checked only at the departure airport.








	AIRail

(Austria)

[34]
	Austrian Federal Railway (ÖBB)

Austrian Airlines
	
	
The service is provided from Linz and Salzburg main train stations to Vienna airport;



	
From Linz and Salzburg there are hourly AIRail connections;



	
Single ticket for the train ride and the flight;



	
Members of the Miles and More loyalty program earn awards and status miles on all AIRail trips.








	City Airport Train(CAT)

[35]
	CAT

Airlines-Austrian Lufthansa Eurowings Swiss Brussels Airl.
	
	
A rapid non-stop connection between the city center and Vienna airport (travel time is 16 min);



	
Very important airport transfer alternative due to high punctuality rate (close to 98%);



	
‘City Check-In’ service—a check-in hall within the CAT City Terminal with all the amenities of an international airport; the passenger receives a boarding pass and hands over flight luggage, free of charge;



	
Austrian ticket counter in the city terminal for rebooking or buying tickets, as well as free parking at the Wien Mitte car park.








	Fly Rail Baggage

Check-in [36]
	Swiss Railway Zurich airport

Berne airport

Geneva airport
	
	
Check-in flight luggage at 56 train stations in Switzerland and the boarding pass reception; the checked luggage receives its own IATA-Code;



	
At the destination, the luggage can be delivered to the specified address or the passenger can collect it from the local station;



	
The service is charged with fixed price for each bag.








	Train + Air [37]
	French National Railway (SNCF)

Air France
	
	
Available for international departures and arrivals at Charles de Gaulle and Orly airports;



	
Single ticket for the arrival or departure with the high-speed train (TGV) and the flight;



	
In case of late arrivals, it is guaranteed that the passenger will be rebooked for the next flight or train;



	
Members of the Flying Blue loyalty program earn miles on the train route;



	
Taxi transfer between Paris-Orly airport and Massy TGV train station is provided by Air France free of charge.
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