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Abstract 

 

Title: High-speed rail and air intermodality at Barcelona-El Prat Airport. A theoretical 

study about the socioeconomic impact of its implementation. 

Author: Guillem-Anton Aguilà Calbet  

Tutor: Àlvar Garola Crespo 

 

Congestion constraints at progressively busier airports, the low profitability of short-

haul feeder flights along with the recently development of high-speed railway (HSR) 

networks throughout many European countries have raised the attractiveness of 

intermodal agreements between high-speed railway operators and airlines. 

This kind of agreements essentially consist on the offer of an intermodal 

transportation product that makes it easier for passengers to take advantage from the 

HSR and air modes potential complementarities. 

The aim of the present work is to evaluate the socioeconomic impact that the 

implementation of two high-speed railway-air intermodal services alternatives would 

cause. To do so, a Cost Benefit Analysis plus the evaluation of its macroeconomic and 

non-monetized impacts are performed. 
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1. Introduction 

 

Congestion constraints at progressively busier airports, the low profitability of short-

haul feeder flights along with the recently development of high-speed railway (HSR) 

networks throughout many European countries have raised the attractiveness of 

intermodal agreements between high-speed railway operators and airlines. 

This kind of agreements essentially consist on the offer of an intermodal 

transportation product that makes it easier for passengers to take advantage from the 

HSR and air modes potential complementarities. Hence, integrated ticketing as well as 

other services are offered by airlines together with railway operators. Two currently 

operating intermodal services like these are the AIRail service at Frankfurt airport and 

the TGV AIR service at Paris-Charles De Gaulle airport.   

Furthermore, these agreements can be beneficial for both airlines and railway 

operators. On one hand, airlines increase their potential number of passengers by 

attracting them from mid-distance locations to their long-haul flights offered from the 

largest air traffic hubs. On the other hand, railway operators see their ticket revenues 

increased.  

The physical integration of the air and railway modes is critical for the development of 

this kind of services. This integration can be achieved by the location of a HSR station 

next to the airport's terminals or by providing a quick transfer service between them. 

A direct connection between the Madrid-Barcelona-France high-speed line and 

Barcelona-El Prat airport has been long demanded by politicians and economic lobbies 

from Barcelona. They argue that this connection is a key infrastructure in order to 

enhance airport's connectivity and growth, which will allow Barcelona's airport 

become a world-class air hub.  

Hence, the present work studies and evaluates the feasibility of two different 

alternatives that would connect Barcelona's airport with the Spanish HSR network. This 

evaluation will be performed by means of a socioeconomic evaluation, following the 

recommendations for transportation projects evaluation given by the Col·legi 

d'Enginyers de Camins, Canals i Ports de Catalunya in the Guia per a l'avaluació de 

projectes de transport. 
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1.2. Objectives 

 

The main objective of this work is to perform a socioeconomic evaluation of two high-

speed railway-air (HSR-air) intermodal service alternatives that would be implemented 

at Barcelona-El Prat airport. The purpose of the socioeconomic evaluation of a 

transportation project is to provide an objective quantification and qualification of the 

project's feasibility in order to procure policymakers the basis for the selection 

between alternative projects.  

In addition, the review of existing high-speed railway & air intermodal services' 

operation features characteristics is capital to understand the potentiality of the HSR-

air alternatives proposed in this work. 

 

1.3. Work structure and contents 

 

The present work comprises eight sections taking into account this introductory 

section. 

In the second section an overview on the railway accessibility to airports and on the 

different characteristics of the air-rail modes integration is given. This includes a 

review of  the article Accessibilitat ferroviària als aeroports by Singla, J. (2003) followed 

by the characterization of the high-speed railway-air intermodal services currently 

operating in some of the busiest airports in Europe. Later, the ground accessibility 

current situation at Barcelona-El Prat airport is analyzed. 

In the third section the two HSR-air physical integration alternatives proposed for 

Barcelona's airport are detailed.  

Section 4 presents the travel demand forecasting methodology used to forecast the 

trip distribution and mode choice distribution caused by the introduction of the new 

alternatives. First, a summary of the main aspects of the general methodology for 

travel demand forecasting known as the "four-step" method is given. Following, a 

bibliographic review regarding airport and mode access to airport choices is expound. 

Finally, the method used to forecast the travel demand is exhaustively described 

followed by the presentation of the results obtained. 

Sections 5, 6 and 7 comprise the socioeconomic evaluation of both alternatives which 

is the main objective of the present work. This evaluation is performed following the 

recommendations given in the Guia per a l'avaluació de projectes de transport of the 
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Col·legi d'Enginyers de Camins, Canals i Ports de Catalunya. Thus, these sections 

include a cost benefit analysis, a macroeconomic impact evaluation and a non-

monetized effects evaluation for each alternative. 

Finally, in the section 8, the conclusions of the study are presented. 
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 2. Railway accessibility to airports 

 

Railway access to airports has several advantages for both passengers and airport 

operators. Furthermore, due to its high capacity, the railway mode is a perfect 

transport system considering the amount of passengers travelling to or from airports. 

The railway mode offers passengers a fast connection with the city centre from the 

airport, avoiding traffic jams. In addition, it is usually a cheaper access option 

compared to the cost of a taxi or airport's car parking fees. Moreover, if the railway 

line serving the airport is conveniently connected with the commuter railway or 

underground networks, passengers can easily reach their final destinations from the 

airport. 

From the point of view of airport operators, being connected to the railway network is 

highly beneficial as it offers the possibility of increasing airport's catchment area. In 

the case of airports in competition, the greater accessibility of one of the options may 

be decisive for passengers choosing it (see section 4.2). Moreover, this connections 

make airports more attractive for airlines as they can take advantage of a larger 

number of potential passengers. 

In addition, the connection with the airport can be attractive for rail operators as well. 

Serving an airport attracts a lot of users to the rail mode which are translated into 

more revenues for the railway operator. 

For these reasons air and rail modes integration is a key issue to effectively and 

efficiently deal with the increasing demand of air transportation that can be translated 

on the saturation of the accessing roads. 

Different definitions of transport integration and intermodality are proposed in the 

consulted bibliography. Singla, J. (2003) gives a definition of the integration levels for 

the rail and air modes. In his paper Accessibilitat ferroviària als aeroports published in 

the magazine Perspectives Territorials he structures the rail-air integration in three 

levels, from the most essential to the most advanced, and postulates what 

characteristics each of the levels is required to fulfil in a clear and simply way. A review 

of these levels of integration described by Singla is given below. These will be used 

later to characterize and classify the current HSR-air intermodality services studied in 

Germany and France as well as the alternatives proposed for Barcelona-El Prat airport. 
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The different levels of railway and air modes integration from the most basic to the 

most complex are: 

 Physical integration or Modal integration 

 Transport services integration 

 Passenger services integration or Functional integration 

    

Physical integration of infrastructures - Modal integration 

This is the most basic level of integration. Any integrated transport system has to 

provide an easy and fast transfer between its different modes. The physical integration 

in a rail-air intermodal system critically depends on the relative location (i.e. the 

distance) between the railway station serving the airport and the terminal.  

This distance between the railway station and the terminal has to be reduced the most 

as possible by locating the railway station the closest to the airport terminal. 

Furthermore, the connection corridors have to be designed in an intelligent way, 

providing services to travellers, moving walkways, escalators, ramps and high capacity 

elevators. 

We have to be aware that the main potential users of a air-rail intermodal system are 

tourists who usually travel with luggage. For this reason, transfers and long walking 

distances are a great inconvenience and have to be reduced to a minimum as they can 

dissuade travellers from reaching the airport by train in favour of choosing more direct 

modes as, for example,  the private car.  

 

Transport services integration 

This level comprises two aspects. First, the networks integration and, second, the 

services time coordination. 

By networks integration we mean that the railway access to the airport has to take 

advantage of the existing railway network to efficiently integrate it with the air 

worldwide network. This can be achieved by means of linking the line serving the 

airport with the greatest railway hubs, making it accessible to the largest number of 

passengers. 
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The time coordination between the railway services and the ones of the air mode is 

the next step. This involves three key aspects: 

 Scheduling coordination 

Railway services scheduling has to be in accordance with the air traffic scheduling. This 

means that passengers in early morning international flights require railway 

connections reaching the airport at least two hours before the departure time as well 

as those in late night arrivals need the railway service to operate that late.  

 Frequency 

Railway service frequency is capital to ensure the competitiveness of the intermodal 

service in front of road mode options specially. With low frequencies, the total travel 

time increases as the waiting time at both rail stations and airport increases. This 

reduces the attractiveness of the service for the traveller. 

 Timetable coordination 

To enhance the services integration, the timetables of the railway services have to be 

adaptable to the air services fluctuation along the day. Airports have rush hours as well 

as low activity hours. So the high frequency time periods of the railway service have to 

coincide with the periods of more intense flight activity. 

 

Integration of the services to passengers - functional integration 

The integration of the services to passengers is the last step to offer a real air-rail 

intermodal product. The greatest level of integration involves the simplification and/or 

unification of those steps travellers have to follow before the trip begins as well as of 

the steps they have to follow during it. The aim of this is that "... passengers perceive 

the intermodal trip as a whole, not more complicated, neither less comfortable than a 

single mode trip" (Singla, 2003). 

If there is not integration of the services to passengers, travellers must look for both 

the train and flight offer and their possible combinations before buying the tickets 

separately. In addition, in case the train or the plane is delayed and they miss the 

connection, airlines or rail operators would not reallocate them in another flight or 

train.  

These complexity and uncertainties can be very discouraging for travellers to choose 

the intermodal option when planning a trip. For this reason, for an intermodal service 

to become a successful product, it has to integrate the basic services to travellers.  
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These are: 

 Unification of information  

It is essential that both the railway operators and the airlines offering intermodal 

products provide information such as timetables, pricing, the services provided and 

practical recommendations for those using it for the first time.  

This means, for example, that when looking for a specific journey at an airline website, 

information about the intermodal option is given (along with the other flight options in 

case the airline is offering them as well) such as price of the combined ticket, timetable 

and connection time. 

It is fundamental that no contradictory information is given by airlines, railway 

operator or the airport authority. This would cause confusion in potential new users of 

the intermodal product who will prefer taking a classical and better-known alternative 

instead.  

 Integrated ticket sale 

The most common method for integrating ticket sales is allowing airlines to sell train 

tickets at the same time users buy the plane ticket. This implies that the train segment 

of the trip is conceived by the airline the same way as a feeder flight they may offer. 

This might require an unified ticket selling system or a previous agreement between 

the railway operator and the airline by which the last one can book some train seats in 

advance. 

With this integration the intermodal product can become even more attractive for 

travellers as deals and discounts can be offered by airlines. 

 Integration of luggage handling  

The integration of luggage handling can take different forms.  

The most advanced services are those offering the possibility of checking-in the 

baggage from the railway station of  origin to the final flight destination. However, this 

service is really challenging and expensive due to the security measures applied to the 

air transportation. 

Another option is allocating baggage check-in counters at the airport's railway station 

easing the transfer to the airport terminal to passengers. 
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2.1. HSR-Air intermodality 

 

High-speed railway-rail intermodal services involve an agreement between a high-

speed railway operator and one or more airlines by which airlines can sell train tickets 

in order to offer an intermodal transportation product. As it has been briefly discussed 

earlier, the combination of the rail and the air modes has attractive advantages for 

passengers, airports, airlines and railway operators. In addition, this kind of services 

"...enjoy strong political support, particularly in Europe, in part because of the 

perceived contribution they can make to the achievement of environmental policy 

targets" (Chiambaretto, P., et al., 2012). 

Chiambaretto, P. et al., (2012) propose a classification of the HSR-air agreements by its 

integration level. In this way, the authors define the less integrated systems as those 

where rail operators, as well as airlines, sell train tickets without any further 

integration, while higher degrees of integration include code-share arrangements, 

single tickets, single check-in and even baggage handling facilities. In addition, 

"Passengers can benefit from this level of integration through guarantees that are 

offered in the case of delays on one segment of the journey" (Chiambaretto, P., et al., 

2012). 

Furthermore, the way in which airlines allocate their passengers in the trains can take 

different forms such as "block space arrangements" (when the airline has a given 

number of seats where allocate its passengers in each train) or "free-sale 

arrangements" (where airlines can allocate their passengers in a train only if there are 

regular seats available). 

Two of the current HSR-air services operating in Europe are reviewed in the following 

sections. 

 

2.1.1. The AIRail service at Frankfurt Airport 

 

Frankfurt Airport 

Frankfurt Airport (FRA) is the major airport by passenger traffic in Germany and the 

third busies in Europe after London Heathrow and Paris-Charles de Gaulle with 59.6 

million passengers in 2014. FRA is the main hub of the German national carrier 

Lufthansa and largest airline in Europe. The airport is operated by the German 

transport company Fraport. 
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The airport is located 12 kilometres southwest of the city of Frankfurt. The airport is 

located near the intersection of the Autobahn routes A3 and A5, making it easily 

accessible by car. The public transport modes available are both regional and long 

distance trains including high-speed trains. Both the regional and the long distance 

railway stations are located under terminal 1.  

The following graph shows the distribution of ground access modes at FRA in 2006. 

 

Graph 1: Access mode distribution at Frankfurt Airport in 2006. Source: Fraport. 

We see that the private car mode is the most used access mode at FRA with a 41% of 

share, followed by the railway mode with contemptible 28%. 

 

Rail-air intermodality at FRA 

Experiences with railway and air intermodality have been developing in Germany for 

several decades. For example, between 1982 and 1993 the railway service called 

"Lufthansa Airport Express" operated between Düsseldorf (via Cologne) and FRA as 

well as between Stuttgart and FRA. This was a fully dedicated railway service operated 

by Deutsche Bundesbahn on behalf of Lufthansa. The service had to halt because of 

increasing leasing costs for Lufthansa and the difficulty of achieving a suitable load 

factor. Nowadays, different intermodal products (Rail&Fly, codesharing agreements or 

AIRail) are offered in some German airports. Those are very diverse from the 

perspective of the services offered to travellers, their speed, the participating airlines 

or their price. 
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AIRail HSR-air intermodal service overview 

The intermodal high-speed railway and air service operating at Frankfurt Airport (FRA) 

"which is likely to be the most advanced rail-air intermodal product in Europe" 

(Grimme, W. 2007) is called AIRail. The intermodal service was developed thanks to 

the combined effort of the German railway operator Deutsche Bahn (DB), the German 

airline Lufthansa and the airport operator Fraport although nowadays more airlines 

other than Lufthansa are taking advantage of the service and its infrastructures (see 

Annex 1). AIRail uses InterCityExpress (ICE) high-speed train services.  

AIRail first entered in service between FRA and Stuttgart in March 2001 and between 

Cologne and FRA in May 2003. Since December 2014 AIRail designed high-speed trains 

(HST) from Karlsruhe and Kassel started operating.  

Current daily running AIRail trains, travel time, first departure time from the city centre 

and last departure time from the airport are shown in the following table: 

Origin/destination city  Travel 
time 
(min) 

Daily trains 
per direction 

First train to 
FRA departure 
time 

Last train to city 
centre 
departure time 

Cologne 57 13 05:55 22:09 

Siegburg/Bonn 40 13 06:12 22:09 

Stuttgart 73 6 07:26 19.20 

Düsseldorf 73 11 06:21 21:25 

Karlsruhe 65 5 07:00 21:54 

Kassel-Wilhelmshöhe 98 4 07:38 16:42 
Table 1: Daily AIRail connections, travel time and departure times. Source: Fraport. 

We can see that the travel times from the cities served by the AIRail designed trains is 

between the range of an hour to an hour and a half. We notice that the daily 

connections offered to Cologne, Siegburg and Düsseldorf are the double than the 

offered to the other cities. This frequencies distribution is clearly related to the 

potential number of air passengers existing in each of the cities as the population of 

cities to the north (Cologne, Siegburg and Düsseldorf ) is quite larger. It is remarkable 

as well that the service starts early in the morning and continues operating until night, 

which gives a wide time-window to access and leave the airport.  

 

Services to travellers 

AIRail intermodal product offers different services to travellers depending on whether 

they are flying with Lufthansa or with another airline. 

Travellers using the AIRail service have to check-in at the train stations at least 15 

minutes before train departure. They are able to check-in for the air route at the same 



High-speed rail and air intermodality at Barcelona-El Prat Airport…                                Guillem-Anton Aguilà Calbet 

UNIVERSITAT POLITÈCNICA DE CATALUNYA 
11 

time they check-in for the train. Boarding passes cards for the connecting flights at FRA 

are issued when checking in at the train station. Online check-in and seat selection are 

possible as well. 

The service works in the opposite way as well. This means that travellers can check in 

for the whole AIRail product and get their train ticket  at the airport where they start 

their return journey. 

The services for travellers include the possibility of checking in and dropping the 

luggage at the AIRail Terminal in the long-distance train station at FRA. The baggage 

check-in at the AIRail Terminal is possible until 60 minutes before flight's scheduled 

departure time between 7 a.m. to 9 p.m.. In contrast, when landing at FRA, travellers 

have to pick up their luggage at the regular baggage claim area in the airport terminal. 

A superior level of service to travellers is offered for those flying with Lufthansa. In this 

case, travellers can check-in for their flight at Dusseldorf, Cologne, Karlsruhe, Kassel-

Wilhelmshöhe and Stuttgart train stations (not at Siegburg/Bonn) using self-service 

check-in machines which provide the flight boarding passes. Another difference is that 

when landing at FRA travellers have to directly go to the AIRail Terminal and pick up 

their baggage there.  

In the following image obtained from Lufthansa's website we can see how the search 

engine automatically offers us the intermodal AIRail product to travel from Cologne to 

Sao Paulo via Frankfurt Airport. The information displayed in the website clearly 

indicates the total trip duration, the layout time at FRA and the total price of the 

combined ticket. 
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Figure 1: AIRail intermodal trip offer information from Lufthansa's website. Source: Lufthansa. 

 

Connection between the long-distance train station and the airport terminals. 

As it have been commented in a previous section (section 2), for an intermodal rail-air 

intermodal product to be attractive the distance from the train station to the airport 

terminal has to be the minimum. In the case FRA the walking time between the long-

distance train station and the terminals ranges from 10 minutes to get to Terminal 1 to 

25 minutes walking plus taking a shuttle bus or a people mover to reach Terminal 2.  

 

Evolution of the service 

Until 2007, the services offered for those AIRail users flying with Lufthansa included 

through baggage handling from the main railway stations at Cologne and Stuttgart. 

This means that passengers were able to check-in their luggage at the beginning of 

their journey which would be directly boarded in their flights as in any other regular 

flight connection.  

This service was particularly challenging for different reasons. Baggage had to be put in 

closed containers with wheels and transported in the ICE trains. That required 

converting a passenger compartment to release space for the baggage as the ICE trains 
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do not have baggage compartments. Once at the airport train station, the baggage had 

to be quickly discharged from the train (due to the very dense DB timetables the 

baggage loading and unloading had to take less than 4 minutes) and had to pass the 

security scanners at the same train station.  

This baggage handling service had considerably opportunity costs associated for DB as 

the modification of the passenger compartment meant an average loss of 10 seats per 

train. 

 

2.1.2. The TGVAir service at Paris CDG 

 

Paris-Charles de Gaulle Airport 

Paris-Charles de Gaulle (CDG) is the French largest airport and the second largest 

airport in Europe with more than 63 million passengers in 2014. The airport is the main 

hub of the French national carrier Air France as well as the European hub of Delta Air 

Lines (world's largest airline in 2013 with 120.6 million passengers). 

Paris CDG is located 25 km to the northeast from Paris and several ground access 

facilities are available. Public transport services such as the suburban train line RER B 

connects the airport terminals 2 and 3 with Paris city centre in 35 minutes (Gare du 

Nord). Bus routes to Paris city centre are available as well and it is directly connected 

with the main highway between Paris and Lille (Autoruoute A1).  

Furthermore, Paris CDG is directly connected to the TGV, the French high-speed 

railway network operated by SNCF (France's national state-owned railway company). 

The TGV station is located under the terminal 2 and trains to the major French cities 

are scheduled as well as to Brussels in Belgium. At this station depart and arrive the 

trains operating in the HSR-air intermodal service named TGVAIR.  

 

TGVAIR HSR-air intermodal service overview 

The TGV AIR service is the high-speed railway-air intermodal service operating all 

across France from the main airport of the country, Paris CDG. It first started operating 

between Paris CDG and the TGV station of Lille Europe in 1994. At that moment only 

the national carrier Air France was offering the intermodal product but nowadays the 

airlines selling intermodal HSR-air tickets with the TGVAIR service have increased up to 

14 (see Annex 1). 
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TGV AIR agreements enable airlines to sell TGV tickets from/to Paris CDG to/from 19 

French cities. Airlines can provide TGV tickets when travellers start their journey at the 

airport of origin and only a single booking is required for the whole trip. 

In 2013, 320,000 travellers used the TGV AIR product, more than 60% of them flying 

with Air France. During 2011, 43% of the sales were made throughout companies' 

websites, 20% from companies' agencies, 24% via travel agencies and 13% via online 

agencies. 

The reasons why the TGV AIR service is attractive to airlines are basically motivated by 

the high competitiveness in the French passengers transportation market. The 

increasing competition in the French people transportation market caused by both the 

extension of the French HSR network and the entrance of low cost carriers (LCC) has 

extremely reduced the profitability of the short-haul flights offered from regional 

airports to Paris CDG. Due to this, some traditional airlines had to halt their connection 

and feeder flight services from regional airports to Paris CDG. These companies have 

found in the TGV AIR service a way to keep passengers fidelity and to continue 

attracting passengers to their long-haul flights offered from CDG. For example after 

retiring their flights to CDG from Lyon, Nantes, Toulouse and Marseille in 2012, the 

company Air Austral started selling TGV AIR intermodal products. 

In addition, this solution is useful for airlines seeking for attract more passengers to 

their long-haul flights offered from CDG. For airlines entering in competition with 

national carriers such as Air France, the TGV AIR agreement "potentially allow them to 

increase their market share on international routes, by giving access to their services 

to passengers from a wider range of regional cities" (Chiambaretto, P. et al, 2012). 

Successful examples of this are Qatar Airways and Etihad Airways.  

Airlines wanting to sell TGV AIR intermodal products have to follow the simple 

procedure explained next. First of all they have to prove that they are in possession of 

the required traffic rights in France. Then TGV AIR proceeds with the integration of the 

TGV booking system and the airline one. This procedure takes between 6 to 12 

months. It is remarkable that there is not entrance toll to be afforded by the airline to 

become part of the system and that the IT services required for the integration in the 

system are provided by TGV AIR.   

The ticketing procedure of TGV AIR is simpler than the one of the regular TGV service. 

TGV AIR fixes a ticket price for each train station at the beginning of the year. Airlines 

have to pay that price for each seat they sell but they can then charge the TGV ticket at 

their own convenience when selling the intermodal HSR-air ticket to their clients as no 

restrictions are imposed by SNFC. 
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In words of Christophe Pouille, deputy manager of TGV AIR, “It’s a win-win partnership 

that helps us to fill our trains, for airline companies to attract passengers leaving from 

the province, and to show a larger network internationally, all at the same time,”. 

Each of the 19 TGV stations being part of the TGV AIR network have a IATA airport-

style code by which can be identified by travel agencies, airlines and search engines.  

The list of the 19 stations along with the IATA code, the average travel time from Paris 

CDG and the daily number of connections are shown in the table below: 

Table 2: Daily TGV AIR  connections, travel time and departure times. Source: SNCF. 

We can  notice that the access travel time range of the connections offered is wider 

than in the case of the AIRail service. This is due to the higher development of the HSR 

network in France than in Germany. Lesser daily connections are offered even to cities 

within less than two hours travel time range (except of Lille Europe station). 

Furthermore, we have to be aware that for those passengers with access travel times 

of more than two hours, TGV air is not a feasible option to flight in early morning air 

connections.  

 

TGV station - city IATA 
code 

Average 
travel time 

Connections 
per day 

First train 
from city 

Last train 
from CDG 

Aix-en-Provence 
TGV 

QXB 3h 33m 6 7:30 19:28 

Angers - St-Laud QXG 2h 33m 4 6:42 18.48 

Avignon XZN 3h 15m 6 7:15 19:28 

Bordeaux St Jean ZFQ 4h 20m 5 7:23 18:09 

Champagne - 
Ardenne TGV 

XIZ 0h 30m 4 8:14 18:35 

Le Mans XLN 1h 40m  4 7:33 18:48 

Lille Europe XDB 1h 10m 21 5:37 22:10 

Lorraine TGV XZI 1h 20m 4 7:26 18:35 

Lyon Part-Dieu XYD 2h 03m 8 5:50 21:16 

Marseille XRF 3h 48m 6 6:44 19:28 

Montpellier XPJ 4h 04m 4 6:58 17:58 

Nantes QJZ 3h 15m 4 6:02 18:48 

Nîmes ZYN 3h 37m 4 7:25 17.58 

Poitiers XOP 2h 25m 5 9:16 18:09 

Rennes ZFJ 3h 05m 4 6:09 18:48 

Strasbourg XWG 2h 33m 4 6:11 18:35 

Tours - St-Pierre-
des-Corps 

XSH 1h 58m 6 9:49  

Toulon XZV 4h 50m 2 8:16 13:58 

Valence XHK 2h 45m 5 7:52 17:58 
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TGV AIR features and service to passengers 

Passengers travelling from a TGV station to Paris CDG have to collect their TGV AIR 

train ticket at the TGV AIR counter located in the origin train station by presenting 

their plane ticket. In the case that the trip had been reserved online, a single ticket will 

be provided for the whole trip by presenting the trip summary or an identification. 

The check-in at the train station must be done 15 minutes before train’s departure 

time. This check-in is valid for the entire trip. 

Once at the airport, the baggage check-in must be done via the usual procedure at the 

airline baggage counter. 

For those travelling from an international airport, once arrived to CDG, they have to 

claim their baggage at the usual baggage claim area. Then they have to proceed to 

Paris-CDG TGV station and, in case it has not been provided at the airport of origin, 

collect their train ticket at the TGV AIR counter to continue their trip by train to their 

final destination.  

Travellers have guaranteed their connection at CDG in both ways of the travel. They 

would be allocated in the following flight in case the train is late or in the next train in 

case the plane arrives with delay. 

 

Connection between the TGV station and the airport terminals. 

The TGV station at Paris CDG is located under the terminal 2. To access terminal 2, 

passengers have to use elevators or escalators as the station is located few levels 

under the ground. If the departure terminal is not terminal 2, travellers must transfer 

to the CDGVAL, the free automatic shuttle rail service that links the airport terminals 

within 8 minutes. 
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Figure 2: Paris CDG Terminal 2 services distribution. Source: Paris CDG. 

As it have been commented in a previous section (section 2), for an intermodal rail-air 

intermodal product to be attractive for travellers the distance from the train station to 

the airport terminal has to be the minimum. In the case FRA the walking time between 

the long-distance train station and the terminals ranges from 10 minutes to get to 

Terminal 1 to 25 minutes walking plus taking a shuttle bus or a people mover to reach 

Terminal 2.  

 

2.2. Ground accessibility modes at Barcelona-El Prat airoprt 

 

Barcelona-El Prat (BCN) airport is located about 15 km from Barcelona city centre to 

the south. The airport was the second Spanish airport in number of passengers in 2014  

with 37,559,044 only exceeded by Adolfo Suárez Madrid-Barajas (41,833,374 

passengers in 2014). 

Since the construction and starting operation of the new Terminal Sud (T1) in 2009 and 

the construction of a third runaway in September 2004 the airport increased its 

capacity to 55 million annual passengers and 90 operations per hour (only 72 

operations per hour are offered nowadays).  
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Barcelona's airport tripled its number of passengers between 1992 and 2007. Because 

of the global economy crisis of 2007, which critically affected the Spanish economy, 

the passengers evolution suffered a sharp tendency change in 2008 and 2009 with a 

drop of about the 8.0% and 9.4% respectively. In 2010 the traffic started growing 

again, exceeding the historical record of 2007 in 2011.  

The following graph shows the evolution of the number of passengers at Barcelona-El 

Prat airport. 

 

Graph 2: Evolution of annual number of passengers at Barcelona-El Prat airport 1990-2014. Source: 

AENA and self-developed. 

 

Travellers reaching Barcelona's airport have multiple ground access options. Public 

mass transport systems are available such as commuter railway and buses.  

Despite of these public transportation services the car mode clearly dominates airport 

access. The data provided by the research project Benchmarking European Sustainable 

Transport is conclusive. The 79.5% of travellers use the car mode to access the airport 

in front of the 20.5% using public mass transport services. These data is itemised in the 

following graph.  
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Graph 3: Ground access to Barcelona-El Prat airport mode share. Source: Benchmarking European 

Sustainable Transport. 

 

Private car access 

The location of the airport, close to the city of Barcelona and within its high populated 

metropolitan area, is complemented by good road connections.  

The main corridors surrounding and crossing the city of Barcelona (Ronda Litoral, 

Ronda de Dalt and Gran Via) are easily accessible from the airport. Hence, travel times 

from Barcelona, L'Hospitalet de Llobregat and Badalona city centres (the three most 

populated cities in Catalonia with an overall population of 2.1 million) are 25, 15 and 

30 minutes respectively. 

The connection with the highway AP-7, which is the main north-south road corridor in 

Catalonia, takes 20 minutes from the airport via the highway AP-2. This access is the 

easiest way to reach the airport by car from some of the highest populated areas 

surrounding Barcelona as El Vallès and the northern cities of El Baix Llobregat, as well 

as from more distant cities such as Tarragona and Reus to the south and Girona to the 

north. 

In accordance to this the airport has a large car parking capacity. Since 2009 there are 

offered around 24,000 car parking spaces. The report by the European Commission 

Airport Accessibility in Europe (2010) highlights that this parking capacity is greater 

than the offered in other European airports with larger number of users such as 

London Heathrow (18,500 car parking spaces for 73 million passengers) or Amsterdam 

Schiphol (16,000 slots for 53 million passengers). 

Airport car parking fares depend on the duration of the stay and if the place has been 

previously reserved. According to the report Movimientos turísticos de los españoles 

(FAMILTUR) edited by the Instituto de Turismo de España in 2012, the average 
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duration of the outbound trips in Spain is 10 days. This would we translated into 64 € 

parking fee with reservation or 106 € without. 

 Taxi access 

The taxi is the main access mode to Barcelona's airport with a 45.7 % of the share. We 

can hypothesize that the causes of this high proportion are mainly two. These are the 

commodity that the taxi mode offers tourists to reach their final destination in 

Barcelona city centre and the lack of good public mass transport services offered as it 

is discussed below in this section.  

The minimum taxi fee for trips with origin or destination in the airport is 20 €. A trip 

from the airport to Barcelona city centre costs around 25 €. 

 

Bus access 

Different urban and interurban bus services stop at the airport. 

The service called Aerobus connects both terminal 1 (Aerobus A1) and 2 (Aerobus A2) 

with Barcelona's Plaça de Catalunya in 35 minutes. The services have regular 

frequencies of 5 and 10 minutes respectively. The ticket price is 5.90 € for single trips 

and 10.20 € round trip. 

Urban buses routes of Barcelona, Castelldefels, El Prat de Llobregat and Sant Joan 

Despí as well as two night bus lines reach the airport. 

In addition, interurban bus services are offered reaching farther cities such as 

Tarragona, Girona or Tortosa as well as important touristic destinations as the Costa 

Daurada or the Costa Brava. 

 

Railway access 

The Barcelona's railway commuter network (known as Rodalies de Catalunya) reaches 

the airport. Airport station is located near terminal 2 (T2) and is served by trains of the 

route "R2 Sud" connectiong with the great railway hub of Barcelona-Sants Estació in 22 

minutes and the station of Passeig de Gràcia in 27. Trains run from early in the 

morning until midnight with a regular frequency of 30 minutes. 

This single railway connection gives access to different interurban railway services as 

Barcelona-Sants station is served by many commuter railway routes (R1, R2, R3, R4 

and R7), regional routes (R11, R12, R13, R14, R15 and R16), mid and long-distance 
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routes and the high-speed railway line Madrid-Barcelona-France as well as Barcelona 

underground lines L3 and L5.  

Even though the large range of connection options at Barcelona-Sants station could 

make the railway mode an attractive choice, the reality is that, based on the data 

provided in the report aforementioned, it is not.  

The fact is that the current railway access has some handicaps that reduce its 

attractiveness. Those are briefly discussed next. 

First of all, railway service's frequency is not adequate at rush hours. During summer 

period, crowds of tourists invade the platform at Sants station waiting for the train. 

Those carry big and weighty baggage hardly to fit in the shelf-kind slots designed for it. 

Just a few passengers can sit while the majority have to stand all the way to the airport 

making the trip really unpleasant. 

The second reason is that the railway mode travel time is not competitive in many 

cases. As it is discussed in section 4.2, travel time is the most influencing factor in 

access mode choice. Even though the 22 minutes long trip from Sants station to the 

airport could seem attractive for people travelling to or from Barcelona we have to 

take into account that the time required to reach the railway hub for many passengers 

from Barcelona's metropolitan area considerably increases the total travel time. For 

example, people travelling from Terrassa (210,000 citizens) would need around 80 

minutes to reach the airport while it would only take 35 by car.  

Another reason is the lack of a good connection between airport's railway station and 

the new terminal 1. The station is located near the T2 and connected with it by a five 

minutes walk footbridge. If passengers have to reach the T1 they have to catch a free 

shuttle bus outside T2 that takes 15 minutes to the T1. 
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Figure 3: Connection between terminals at Barcelona-El Prat airport. Source: Ministerio de Fomento.  
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3. The HSR-Air intermodal alternatives at BCN airport studied  

 

As it has been explained in the introduction, the main objective of the present work is 

to analyze if the implementation of an advanced HSR-Air intermodal service at 

Barcelona-El Prat airport could be a feasible and beneficial project. 

Despite the fact that the Madrid-Barcelona-France high-speed line passes by at only 

four kilometers from the airport, does not exist a direct connection between the HSR 

line and the airport. 

In this section the two alternative projects considered are detailed. Those are the 

direct connection of the airport to the high-speed line Madrid-Barcelona-France via a 

station in the airport and the connection with the high-speed line via a shuttle railway 

service from El Prat intermodal railway station.  

 

3.1. Alternative 1 

 

The first alternative proposed is the direct connection of the airport with the HSR 

network. This connection would be done by means of the construction of an 

approximately 15 kilometers long diversion line running under terminal 2 and the 

airport runaways and stopping under terminal 1.  

With the construction of the new diversion line, some of the HST running through the 

Madrid-Barcelona-France line and the future Murcia-Valencia-Barcelona line (see 

section 3.1.1) would stop at the airport.  

Taking into account the route of the existing Madrid-Zaragoza-Barcelona HSR line at 

the surroundings of Barcelona-El Prat Airport and that the train station is to be located 

under terminal 1 a purely theoretical layout has been drawn. In our study, with the aim 

of simplify the costs analysis, we will consider that the whole length of the new line 

passes through in tunnel. Note that the railway line layout does not have to meet the 

geometrical plan requirements for a high-speed railway line as trains will not run at 

high-speeds in this segment of the line. 

With this alternative, and according to the definitions proposed by Singla, J. (2003), at 

least a basic level of integration would be reached. The physical integration of the 

modes would be excellent for those passengers flying from the terminal 1 (those flying 

from terminal 2 would have to use the shuttle buses, seeing with the associated 

inconveniences). Hence, advanced intermodal services as the ones of Paris CDG and 
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FRA described in sections 2.1.1 and 2.1.2 could be offered. These intermodal services 

would offer baggage check-in and reclaim at the airport railway station or even at the 

origin/destination station as well as integrated ticketing. The principal handicap of this 

intermodal option would be the lack of high frequencies offered.  

The direct connection between the airport and the HSR line was included in some of 

the first layout projects of the Madrid-Barcelona line but the layout was finally 

modified. Thus, an underground high-speed railway station was actually constructed 

under the new terminal 1. 

The approximated layout considered is sketched in the following figure (red line). The 

layout of the Madrid-Zaragoza-Barcelona high-speed current line is shown in blue. 

 

Figure 4: layout. Source: ICGC and self-elaborated 

 

3.2. Alternative 2 

 

The second alternative proposed is the connection of the airport with the Madrid-

Barcelona-France HSR line by means of a shuttle railway service running between the 

airport and El Prat railway station. 

El Prat intermodal station was designed to be an important railway hub in which the 

high-speed line was going to be connected with the commuter services of the line R2 

as well as with the future underground line 9. In addition, a shuttle service as the one 

proposed here was considered as a possible alternative to allow the connection 
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between the airport and the HSR line. Currently, the high-speed services do not stop at 

El Prat station. 

The basic idea of this alternative is providing a fast and easy transfer between the HSR 

and a dedicated shuttle service at El Prat station. Hence, passengers accessing the 

airport with HSR services would see their travel time reduced. Furthermore, those 

passengers not accessing the airport would be less harmed as their travel time 

increase would be lesser than in the alternative 1. 

The physical integration of the modes would be greater in this case than in the 

alternative 1 as the construction of two stations at the airport under both terminal 1 

and 2 is proposed. However, the introduction of an transfer between the HSR and the 

shuttle service would reduce its attractiveness. Furthermore, achieving high 

performance intermodal services, such as including baggage handling, would be more 

complicated because of the transfer.  

The investment required for this alternative includes the construction of a six 

kilometres long shuttle railway infrastructure, the construction of the station under 

terminal 2 and the purchase of two shuttle trains. 

An approximated layout of the new line is shown in the previous figure 4 (green line). 

 

3.3 The high-speed railway Mediterranean corridor 

 

For the evaluation of both the alternative 1 and the alternative 2 proposed it will be 

assumed that the Mediterranean high-speed railway corridor is constructed and in 

operation. A further evaluation of this infrastructure does not enter in the scope of the 

present work but an overview is here given in order to clarify some of the assumptions 

that will be made later on this work. 

This railway line is supposed to connect the different province capitals along the 

Spanish Mediterranean coast. Even though a well defined calendar of works does not 

exist, different segments of the line are currently under construction or being 

upgraded.  

According with the previsions of the Ministerio de Fomento, the travel times between 

the different cities in the line will be considerably reduced after the starting operation 

of the new line. The next table summarizes the travel times of interest for the study. 
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Route Future travel time 

Barcelona - Castelló de la Plana 1 h 25 min 

Barcelona - València 1 h 50 min 

Barcelona - Alacant 2 h 55 min 

Barcelona - Murcia 3 h 15 min 
Table 3: Future travel times in the high-speed railway Mediterranean Corridor. Source: Ministerio de 

Fomento. 
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4. Travel demand forecasting 

 

In any transport infrastructure investment the time saved by users represents one of 

the biggest benefits. Hence, the estimation of the time savings is capital for the 

justification of the transportation project. It is for this reason that a forecast and 

estimation of the future travel demand and ridership (i.e. the number of users of the 

future infrastructure and its evolution at mid and long term) is one of the two key 

elements, along with the cost analysis, in any transport project evaluation as the Guia 

per a l'avaluació de projectes de transport remarks. 

Travel demand forecasting is important during all the project development. At the 

beginning, it is useful to assess the alternative analysis while at later planning stages it 

will be necessary for service planning and toll pricing or revenue projections.  

 

4.1. The four-step method for travel demand forecasting 

 

The conventional sequential procedure included in many travel demand forecasting 

guides, such as the Travel Demand Forecasting: Parameters and Techniques by the 

Transportation Research Board of the United States, is called the "four-step" process. 

As its name indicates, it consists in four steps. Those are discussed next following the 

main ideas given in the aforementioned guide. 

 

Step 1: Trip Generation 

The objective of the first step is to estimate the number of trips that start or end in 

each of the locations (e.g. cities, airports or industrial estates) or zones (e.g. 

neighbourhoods in a city) considered. This estimation is based on the quantification of 

the location's "activity". From the trip generation analysis we obtain the generated and 

the attracted trips from and to each of the locations studied.  

Different trip generation models exist. They use explanatory variables such as vehicle 

availability per household, income level or employment type and functions that 

estimate the number of trips from those. 

Productions and attractions are estimated separately. Trip productions estimation is 

commonly performed using the cross-classification model. It consists in the 

classification of the households into categories by two or more variables. Then the 
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number of households is multiplied by the average number of trips per household for 

the category. This can be expressed by the following mathematical linear formula. 

              

 

 

where:  

   is the number of trips produced in the location i; 

       is the trip rate per household of category k; and 

     the number of households of category k in zone i.  

Trip attractions are usually estimated by linear functions as well. They try to quantify 

the amount of activity (e.g. number of offices buildings, shopping centres, cinemas,  

football stadiums, etc...) and associate it with trip attraction to the zone. Trip 

attractions are often more complicated to estimate.  

 

Step 2: Trip Distribution 

This second step tries to determinate the number of trips that take place between the 

different locations or zones considered. 

Functions used require explanatory variables related to the impedance of persons to 

travel such as the cost and travel time between locations. Furthermore, Models used 

require the number of trips produced and attracted from and to each zone. In addition 

socioeconomic characteristics may be used.  

The most commonly used model for the trip distribution is the gravity model (taking its 

name from the analogy with Newton's gravitational law). The basis of the gravity 

model is the assumption that the number of trips between a pair of locations or zones 

is directly proportional to the total trip productions at the origin and the total trip 

attractions at the destination. This relationship is affected by a "friction factor" that 

represents the impedance. Usually, the friction factor implies an inverse relationship 

with travel time i.e. as travel time between a pair of locations increases, travellers are 

less likely to travel between them. The model may include an adjustment factor 

representing socioeconomic characteristics as well. 
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The general formulation of the gravity model equation is the following: 

       
          

            
 

where: 

     is the number of trips produced in location i and attracted to location j; 

    is the number of trips produced in location i; 

   is the number of trips attracted to location j; 

     is the friction factor; 

     is the socioeconomic adjustment factor; and 

 n is the number of locations or zones. 

Both the friction factor and the socioeconomic adjustment factor have to be 

calibrated. The calibration of the model requires knowing real data of trips 

distribution. The factors are adjusted to obtain the closest value to the data.  

Friction factor is usually expressed by a mathematical formula such as a power 

function of the travel impedance (2 is the most common exponent), an exponential 

function or a gamma function. 

 

Step 3: Model Choice 

This step divides the trips from the trip distribution by the travel mode. The modes 

considered may differ depending on the options existing in the studied area but 

usually automobile, public transport and non-motorized are the modes considered. 

The most usual method used are logit formulations. This kind of formulations are 

based on the assignation of an utility to each of the mode accesses. The utility is 

expressed as a function of explanatory variables regarding the access mode such as the 

in-vehicle time, waiting time, parking cost, number of transfers and variables regarding 

the socioeconomic characteristics of the traveller.  

The parameters of the model have to be calibrated in order to enhance the 

performance of the model.  
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Step 4: Time-of-day Modelling  

This last step intends to assign the trips to time periods along day. Usually morning, 

mid-day, afternoon, evening and peak hours are considered.  

This last step is important in order to anticipate congestion during peak hours as well 

as levels of service for public transport modes. 

 

4.2. Method and model applied 

 

The method used in this study to estimate the demand of the new HSR services differs 

from the scheme proposed in the four-step method (see section 4.1.). The principal 

differences are the omission of the fourth step (i.e. time-of-day modelling), as it is 

considered irrelevant at this stage of the project evaluation, and the performance of 

the trip and mode distribution forecasts simultaneously.  

When performing a demand forecast we have to be aware that it has to be in 

accordance with the available information and resources. This means that we cannot 

expect developing a precise model from scarce available information. In addition, the 

model developed has to be simple in order to be applicable to the largest number of 

situations. 

As information about the origin or destination of passengers departing or arriving at 

Barcelona's airport was not available, the model developed could not be calibrated.  

 

Trip production forecast 

The first decision taken in our demand forecast was that only travellers using 

Barcelona-El Prat Airport as the origin for their plane segment of the trip will be 

considered as potential users. This means not taking into account international 

passengers reaching Barcelona's airport. This decision was taken in order to simplify 

the process and is based in the fact that the major touristic attractions in Catalonia are 

the city of Barcelona and the coastal areas of the Costa Brava and the Costa Daurada. 

The accessibility to and from these destinations is not significantly enhanced due to 

the starting operation of the new intermodal services (see section 7.1). 

The first step in order to estimate the number of potential users of the new railway 

accesses to Barcelona-El Prat Airport is to determine their possible location (i.e. city) of 

origin. The basic requirement for a city to be a feasible origin is being close to an HSR 

station. Furthermore, these have to be connected with Barcelona by direct HSR 
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services. Cities that will be connected by the high-speed Mediterranean Corridor line 

are here considered (see section 3.3). Note that Barcelona is not a realistic feasible 

origin as many other competitive access modes to the airport are offered. 

As the services proposed are non-dedicated (i.e. they are not limited to people 

travelling to or from the airport but principally serve demand travelling between the 

cities in the line), the new accesses to Barcelona's airport will be served by trains of the 

regular existing regular routes. Hence, cities currently served by one or two daily trains 

only have been discarded as these frequencies are not competitive for airport access.  

The next figure shows the different cities connected by the HS line Madrid-Barcelona-

France and some of the cities connected by the future high-speed Mediterranean 

Corridor. 

 

Figure 5: Madrid-Barcelona-France high-speed routes. Source: Renfe. 
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The following table shows the HSR stations (i.e. cities) initially considered as potential 

origins taking into account the hypothesis explained above: 

Girona Madrid Puerta de Atocha Perpignan 

Figueres-Vilafant Castelló de la Plana Narbonne 

Camp de Tarragona València Montpellier 

Lleida Pirineus Alacant Nîmes 

Zaragoza Delicias Murcia  
Table 4: Initially considered feasible cities of origin. Source: Self-elaborated. 

Statistical data of Spanish and French international tourism has been used to estimate 

the outbound trips generated in these cities.  

From this statistical data, we have obtained ratios expressing the number of outbound 

trips using the plane as mode of transport among the population. Then, using 

population data, we have been able to estimate how many trips are generated in each 

city. 

The statistical data of Spanish outbound travellers was obtained from the report 

Movimientos turísticos de los españoles (FAMILTUR) edited by the Instituto de Turismo 

de España in 2012. The data provided classifies the trips made by their purpose and by 

their transportation mode. We have assumed that the outbound trip, mode and 

purpose of the trip ratios given for the year 2012 will remain constant during the time 

period considered in the cost benefit analysis.  

The report states that the 61.5% of the Spanish outbound trips in 2012 had the plane 

as the main transport mode. From the data given in the report we can derive the 

following ratios: 

Spanish Autonomous 
Region 

% of population making an 
outbound trip 

% of population making an 
outbound trip in plane 

Catalonia 45.9 28.2 

Valencia 21.7 13.3 

Aragon 17.5 10.8 

Murcia 15.0 9.22 

Madrid 39.7 24.4 
Table 5: Spanish outbound trips ratio amount population. Source: Instituto de Turismo de España and 

self-elaborated. 
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According to the report, the main purposes of the outbound trips were: 

 

Graph 4: Purposes distribution of the Spanish outbound trips. Source: Instituto de Turismo de España and 

self-elaborated. 

 

The information regarding the purpose of the trips is important in order to estimate 

the time cost savings when performing the cost benefit analysis. As it is discussed in 

the section 5.3 of this study, the cost associated to time depends on the purpose of the 

trip and on the transport mode.  

These categories have been simplified to two only. These are "leisure", with the 84.8% 

(including "leisure, holidays", "studies", "visiting relatives or friends" and "others") and 

"work/business", with the 15.2%. 

For the case of the French cities the data has been obtained from the publication 

Mémento du tourisme by the French Ministère de l'Artisanat du Commerce et du 

Tourisme for the year 2011. In this case only global ratios for the whole country have 

been applied.  

The 37.8% of the French population made an international trip during 2011. 88% of 

those were for leisure purposes while 12% for business. The 55% of abroad trips had 

the plane as the main transport mode.  

 

 

 

51.4% 

15.2% 

2.5% 

28.6% 

2.3% 

Purpose of outbound trips in Spain 

Leisure, holidays 

Work / Business 

Studies 

Visiting relatives or friends 

Others 
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Using demographical data, the number of international trips for each city has been 

estimated. These numbers are shown in the following table: 

HSR station City Population Number of 
outbound 
trips in 
plane 

Number of 
outbound 
leisure trips 
in plane 

Number of 
outbound 
business 
trips in plane 

Girona Girona 97,227 27,457 23284 4,173 

Salt 30,103 8,501 7209 1,292 

Vilablareix 2,529 714 606 108 

Camp de 
Tarragona 

Tarragona 132,199 37,333 31659 5,674 

Reus 104,962 29,641 25136 4,505 

Lleida - 
Pirineus 

Lleida  
139,176 39,304 33,330 5,974 

Figueres - 
Vilafant 

Figueres  
44,765 

 
12,636 10,772 1,931 

Castelló de 
la Plana 

Castelló de 
la Plana 173,841 23,195 19,669 3,525 

Vilareal  50,755 6,772 5,743 1,029 

València Valencia 786,424 104,928 88,979 15,949 

Burjassot 37,641 5,022 4,259 763 

Alicante 

Alicante 332,067 44,306 37,571 6,734 

Elx 228,647 30,507 25,870 4,637 

Murcia 

Murcia 439,712 40,486 34,332 6,153 

Alcantarilla 40,907 3,766 3,194 572 

Zaragoza 

Zaragoza 666,058 71,640 60,751 10,889 

Utebo 18,429 1,982 1,681 301 

Madrid Madrid 3,165,235 772,808 655,341 117,467 

Perpignan Perpignan 122,608 25493 22,434 3,059 

Narbonne Narbonne 53,469 11118 9,783 1,334 

Montpellier Montpellier 272,345 56627 49,832 6,795 

Nîmes Nîmes 150,019 31193 27,449 3,743 
Table 6: Number of outbound trips in each city of origin. Source: INE, INSEE and self-elaborated. 

 

Airport choice 

In order to propose a model to estimate how people will distribute between the 

different airports existing in the geographic area of study we need to know what 

makes people prefer an airport in front of another one. 

In the report IATA Economics Briefing No 11: AIRPORT COMPETITION published by the 

International Air Transport Association some ideas are given in that regard. 
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Based in some studies mentioned in the report, the authors suggest that "passengers 

have a strong preference for using their local airport, even in cases where there may 

be neighbouring airports offering similar services" (IATA, 2013).  

According to a report by the consultancy Frontier Economics cited, the likelihood of 

travellers choosing an airport decreases a 4% for a 1% distance increase. Applying the 

empirical model developed by that consultancy to travellers starting their trips from 

Stansted, near London, UK, the researchers found that the likelihood of choosing an 

alternative airport (in that case Luton and Gatwick airports) decreases down to nearly 

zero for driving times approaching to 120 minutes. 

 

Figure 6: Probability of choosing alternative airports depending on the travel time. Source: Frontier 

Economics 

Another cited study by Hess, S. and Polak, J.W. (2006) investigating airport choice 

around San Francisco, USA, concluded that the ground modes access time is the most 

influencing factor for airport choice.  
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Other studies are cited in the bibliography consulted. The next table summarizes the 

main influencing factors regarding airport choice based on the conclusions of these 

studies. 

Study Area of study Most influencing factors in airport choice 

Access 
travel 
time 

Access 
travel cost 

Flight 
frequency 

Ticket 
price 

Basar, G., 
Bhat, C.R., 
(2004) 

San Francisco Bay 
Area X    

Ashford and 
Bencheman 
(1987) 

England 
X  X  

Harvey, G., 
(1987) 

 
X  X  

Caves et al. 
(1991) 

Great Britain 
X  X X 

Thompson 
and Caves 
(1993) 

North of England 
X  X X 

Hess, S., 
Polak, J.W., 
(2005) 

 
X X X  

Table 7: Most influencing factors regarding airport choice. Source: Jou, R., et al. (2011), Akar, G. (2013) 

and self-elaborated. 

The conclusions summarized in the table above clearly show that the access travel 

time along with the flight frequencies are the most important factors influencing 

travellers' airport choice. Hence, our trip distribution model has to involve these 

variables. 

 

Ground access mode choice 

Two studies about ground access mode choice to airports have been reviewed.  

Jou, R., et al. (2011) studied the access mode choice of outbound travellers to the 

Taoyuan International Airport in Taiwan after the introduction of a new mass rapid 

transit system connecting the airport with some of the most important surrounding 

railway hubs. The researchers calibrated a mixed logit model using socioeconomic 

variables and passengers' previous experience.  

The authors concluded that "out-of-vehicle travel time and in-vehicle travel time are 

two important factors that affect outbound travellers' choice of airport access modes". 

Furthermore, "among the attributes of access modes that were perceived as 
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important, time-savings, no transfers and convenience of storing and retrieving 

luggage are primary concerns of air travellers, with price considered less important" 

(Jou, R., et al., 2011). 

Akar, G. (2013) studied the factors affecting ground access mode choice for travellers 

flying from Port Columbus International Airport in the USA. The study split passengers 

according to their trip purpose (business and non-business) and was focused on the 

choice between driving mode (the dominating access mode used at Port Columbus 

International Airport) and other modes (shared minivan shuttles, bus and railway). 

Socioeconomic variables were used to estimate binary logit models for mode choice.  

The study concluded that "factors influencing transportation other than the 

automobile, the top five, in descending importance, were reliability (on-time service), 

travel time to the airport, flexibility of departure time, frequency of service, lower cost 

relative to driving, and luggage storage capacity" (Akar, G., 2013). 

In addition, the authors of the studies aforementioned cited some conclusions 

obtained in previous studies. The following table summarizes them: 

Study Airport or area of study Most influencing factors in mode choice 

Access 
travel time 

Access 
travel cost 

Service 
overall 
performance 

Harvey, G. 
(1986) 

San Francisco Bay Area 
X X  

Pels, E., et al. 
(2001) 

San Francisco Bay Area 
X   

Hess, S. (2004) San Francisco Bay Area X   

Tam et al. 
(2006) 

Hong Kong's 
International Airport 

  X 

Psaraki and 
Abacoumkin 
(2002) 

Athens International 
Airport X X  

Basar, G., Bhat, 
C.R. (2004) 

San Francisco Bay Area 
X   

Foote et al. 
(2007) 

Chicago, Illinois, USA 
X X  

Gupta et al. 
(2008) 

New York City 
metropolitan region 

X X  

Table 8: Most influencing factors regarding airport access mode choice. Source: Jou, R., et al. (2011), 

Akar, G. (2013) and self-elaborated. 

The results conclusions show that, as well as for airport choice, access time is the most 

influencing factor regarding access mode choice to airports. 
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 Our model 

After having reviewed the four-step method and the conclusions reached by different 

researchers about airport and access mode choices we are able to propose a model to 

assign the trips generated at the cities of origin to an airport and an access mode. 

Noticing that the access travel time to an airport depends on the mode chosen we 

assume that airport and access mode choosing are not independent decisions. This 

means that when deciding their airport of origin, travellers take into account the 

different access options offered. 

Based on that assumption, our model will simultaneously consider airport and mode 

choices using a simple mathematical formula depending on how attractive is an airport 

and the travel times of the different access modes. 

Thus, a model based on the gravity model described in the section 4.1 is proposed. 

As we have seen, the model requires the number of trips attracted to a destination 

location. In the general four-step method this number of trips is estimated from the 

"activity" existing at it, which is a measurement of the its attractiveness. Thus, we 

decided to use the annual airports' passenger traffic as the variable determining the 

activity and attractiveness of an airport. This parameter was chosen assuming that the 

number of passengers is directly proportional to the number of destinations offered 

and their frequencies. This is, as more frequencies for more destinations an airport 

has, more passengers use it. In addition, the simplicity of this parameter makes the 

model applicable to any airport.  

The friction factor will depend on the travel time only, taking the form of a power of 2 

function. 

Model's mathematical formula: 

   
     

         
   

          
   

 

where: 

    
  is the number of trips between the city i and the airport j using the transport 

 mode k; 

    is the number of trips generated at the city i; 

   is the number of users of the airport j; and 

      is the travel time between the city i and the airport j using the mode k. 
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We have to point out that our model will not be calibrated before being applied due to 

the lack of real data. 

Finally, three more assumptions were made: 

 Access modes with travel times greater than three hours have been discarded. 

As we have seen, for travel times close to two hours the probability of choosing 

an airport drastically decreases. In order to enhance the scope of the study we 

have defined the influence limit of Barcelona's airport up to three hours travel 

time. For this reason the cities of Montpellier, Nîmes, Murcia and Alicante have 

not been included on the demand forecast. 

 Only ground access modes have been taken into account. 

 Due to the great importance of Madrid's airport and that the flight destinations 

and frequencies offered are at the same level as Barcelona-El Prat, the city of 

Madrid has been discarded as a feasible origin even though it would be possible 

to reach Barcelona's airport in less than three hours. 

Once the model has been described, the following section briefly explains the specific 

assumptions made for each of the cities of origin and the values of the parameters 

used in each case along with the results obtained. 

 

4.3. Trip distribution and mode choice forecast results 

 

The next table summarizes the passenger traffics for each of the airports taken into 

account. These are the values of the parameter    of the model. 

Airport IATA 
code 

Annual 
passenger traffic 

Airport  IATA 
code 

Annual  
passenger traffic 

Barcelona-El 
Prat 

BCN 37,559,044 Valencia VLC 4,592,512 

Girona-Costa 
Brava 

GRO 2,160,646 Adolfo Suarez 
Madrid-Barajas 

MAD 41,833,374 

Reus REU 850,648 Alicante-Elche ALC 10,065,873 

Zaragoza ZAZ 418,576 Toulouse–
Blagnac 

TLS 7,249,498 

Table 9: Number of passengers during 2014 and IATA codes of the airports considered in the study. 

Source: AENA and DGAC. 
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Assumptions, parameters values and results for each city of origin 

Small and medium size (i.e. number of passengers) airports have only been considered 

as a feasible alternative to Barcelona's airport for close origin cities. 

First of all the general assumptions made to determine the values of the access time 

parameter are described. 

Access time to HSR stations located at city centres has not been estimated for each city 

but a previous time of 20 minutes has been added. 

For the railway access in the base scenario, the connection time from the HSR platform 

to the commuter rail platform at Barcelona-Sants Estació, the average waiting time for 

the commuter train and the travel time to the airport, resulting in 40 minutes in total, 

have been added to the access travel time with HSR to Sants station. 

Travel times in the alternative 1 have been estimated in this way. For those trains 

coming from the north, 15 minutes have been added to the current travel times to 

Barcelona-Sants. For those trains coming from the south, the access travel time to the 

airport has been considered the same as the one of current services to Barcelona-

Sants. 

Travel times in the alternative 2 for trains coming from the north are the ones for 

current services to Barcelona-Sants plus 25 minutes. For trains coming from the south 

only 10 minutes have been added to current service access times to Barcelona-Sants. 

 

 Girona 

The trips include those generated at the cities of Girona, Salt and Vilablareix together. 

Girona-Costa brava and Barcelona-El Prat are the two airports in competition. 

Base scenario 

Airport Access mode Access 
time 
(minutes) 

Total 
leisure 
trips 

Total 
business 
trips 

GRO Car 17 14,296 2,562 

BCN Car 91 8,673 1,554 

HST + commuter 
rail 

 
94 8,128 1,456 

Table 10: Access times and trip distribution by airport, mode and trip purpose in the base scenario from 

Girona. Source: Self-developed. 
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Alternative 1 scenario 

Airport Access 
mode 

Access time Leisure trips Business trips 

GRO Car 17 11,682 2,094 

BCN Car 91 7,087 1,270 

HST 69 12,327 2,209 
Table 11: Access times and trip distribution by airport, mode and trip purpose in the alternative 1 

scenario from Girona. Source: Self-developed. 

Alternative 2 scenario 

Airport Access 
mode 

Access time 
(minutes) 

Leisure trips Business trips 

GRO Car 17 12,895 2,311 

BCN Car 91 7,822 1,402 

HST + 
launcher 

 
79 10,380 1,860 

Table 12: Access times and trip distribution by airport, mode and trip purpose in the alternative 2 

scenario from Girona. Source: Self-developed. 

 

 Figueres 

As in the case o Girona, Girona-Costa Brava and Barcelona-El Prat are the two airport 

alternatives. 

Base scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

GRO Car 35 2,365 424 

BCN Car 111 4,088 732 

HSR + 
commuter rail 

 
108 4,318 774 

Table 13: Access times and trip distribution by airport, mode and trip purpose in the base scenario from 

Figueres. Source: Self-developed. 

Alternative 1 scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

GRO Car 35 1,653 296 

BCN Car 111 2,858 512 

HSR 75 6,260 1,122 
Table 14: Access times and trip distribution by airport, mode and trip purpose in the alternative 1 

scenario from Figueres. Source: Self-developed. 
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Alternative 2 scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

GRO Car 35 1,897 340 

BCN Car 111 3,280 588 

HSR + launcher 85 5,593 1,002 
Table 15: Access times and trip distribution by airport, mode and trip purpose in the alternative 2 

scenario from Figueres. Source: Self-developed. 

 

 Tarragona 

Reus and Barcelona-El Prat airport are here the two alternative airports. 

The HSR station of Camp de Tarragona is located outside the city. For this reason an 

access time to the station with car has been added. 

Base scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

REU Car 11 11,255 2,017 

BCN Car 63 15,150 2,715 

Car + HSR + 
commuter rail 

 
107 5,252 941 

Table 16: Access times and trip distribution by airport, mode and trip purpose in the base scenario from 

Tarragona. Source: Self-developed. 

Alternative 1 scenario 

Airport Access 
mode 

Access time 
(minutes) 

Leisure trips Business trips 

REU Car 11 8,952 1,604 

BCN Car 63 12,050 2,160 

Car + HSR 67 10,654 1,909 
Table 17: Access times and trip distribution by airport, mode and trip purpose in the alternative 1 

scenario from Tarragona. Source: Self-developed. 

Alternative 2 scenario 

Airport Access 
mode 

Access time 
(minutes) 

Leisure trips Business trips 

REU Car 11 10,080 1,806 

BCN Car 63 13,568 2,432 

Car +  HSR + 
launcher 

 
82 8,009 1,435 

Table 18: Access times and trip distribution by airport, mode and trip purpose in the alternative 2 

scenario from Tarragona. Source: Self-developed. 
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 Reus 

As well as the case of Tarragona, Reus and Barcelona-El Prat airports are the 

alternatives. Moreover, an access time to the Camp de Tarragona HSR station has been 

added. 

Base scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

REU Car 7 16,125 2,890 

BCN Car 73 6,546 1,173 

Car + HSR + 
commuter 
rail 

 
 

119 2,463 441 
Table 19: Access times and trip distribution by airport, mode and trip purpose in the base scenario from 

Reus. Source: Self-developed. 

Alternative 1 scenario 

Airport Access 
mode 

Access time 
(minutes) 

Leisure trips Business trips 

REU Car 7 14,341 2,570 

BCN Car 73 5,822 1,043 

Car + HSR 79 4,971 891 
Table 20: Access times and trip distribution by airport, mode and trip purpose in the alternative 1 

scenario from Reus. Source: Self-developed. 

Alternative 2 scenario 

Airport Access 
mode 

Access time 
(minutes) 

Leisure trips Business trips 

REU Car 7 15,226 2,729 

BCN Car 73 6,181 1,108 

Car +  HSR + 
launcher 

 
94 3,728 668 

Table 21: Access times and trip distribution by airport, mode and trip purpose in the alternative 2 

scenario from Reus. Source: Self-developed. 
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 Lleida 

Barcelona-El Prat airport is the only alternative considered in this case as Lleida-

Alguaire airport destinations offer is insignificant.  

Base scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

BCN Car 97 20,802 3,728 

HSR + 
commuter rail 

 
125 12,526 2,245 

Table 22: Access times and trip distribution by airport, mode and trip purpose in the base scenario from 

Lleida. Source: Self-developed. 

Alternative 1 scenario 

Airport Access mode Access time  
(minutes) 

Leisure trips Business trips 

BCN Car 97 14,476 2,594 

HSR 85 18,852 3,379 
Table 23: Access times and trip distribution by airport, mode and trip purpose in the alternative 1 

scenario from Lleida. Source: Self-developed. 

Alternative 2 scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

BCN Car 97 17,172 3,078 

HSR + launcher  
100 16,157 2,896 

Table 24: Access times and trip distribution by airport, mode and trip purpose in the alternative 2 

scenario from Lleida. Source: Self-developed. 
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 Zaragoza 

Zaragoza, Adolfo Suárez Madrid-Barajas and Barcelona-El Prat are the alternative 

airports. HSR is the only access mode considered to Madrid and Barcelona airports as 

more than three hours are required to reach these airport by car from Zaragoza. 

Madrid's airport is connected with the main railway station of Puerta de Atocha by 

means of a commuter rail service. This railway access has a frequency of 30 minutes 

and takes 25 minutes.  

Base scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

ZAZ Car 17 18,895 3,386 

BCN HST + 
commuter rail 

 
 

160 19,140 3,430 

MAD HST + 
commuter rail 

 
155 22,715 

 
4,071 

Table 25: Access times and trip distribution by airport, mode and trip purpose in the base scenario from 

Zaragoza. Source: Self-developed. 

Alternative 1 scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

ZAZ Car 17 15,176 2,720 

BCN HST 120 27,329 4,898 

MAD HST + 
commuter rail 

 
 155 18,245 3,270 

Table 26: Access times and trip distribution by airport, mode and trip purpose in the alternative 1 

scenario from Zaragoza. Source: Self-developed. 

Alternative 2 scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

ZAZ Car 17 16,758 3,003 

BCN HST + launcher  
135 23,845 4,274 

MAD HST + 
commuter rail 

 
 

155 20,147 3,611 
Table 27: Access times and trip distribution by airport, mode and trip purpose in the alternative 2 

scenario from Zaragoza. Source: Self-developed. 
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 Castelló de la Plana 

Valencia and Barcelona-El Prat are the airport alternatives as Castelló airport is not 

operative. 

Base scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

VAL Car 74 5,612 1,005 

BCN Car 179 7,844 1,406 

HST + 
commuter 
rail 

 
 

145 11,954 2,142 
Table 28: Access times and trip distribution by airport, mode and trip purpose in the base scenario from 

Castelló de la Plana. Source: Self-developed. 

Alternative 1 scenario 

Airport Access 
mode 

Access time 
(minutes) 

Leisure trips Business trips 

VAL Car 74 3,933 705 

BCN Car 179 5,498 985 

HST 105 15,979 2,864 
Table 29: Access times and trip distribution by airport, mode and trip purpose in the alternative 1 

scenario from Castelló de la Plana. Source: Self-developed. 

Alternative 2 scenario 

Airport Access 
mode 

Access time 
(minutes) 

Leisure trips Business trips 

VAL Car 7 4,613 826 

BCN Car 179 6,448 1,155 

HST + 
launcher 

 
120 14,349 2,571 

Table 30: Access times and trip distribution by airport, mode and trip purpose in the alternative 2 

scenario from Castelló de la Plana. Source: Self-developed. 
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 València 

Four different alternative airports are accessible from Valencia. These are Valencia, 

Barcelona-El Prat, Adolfo Suárez Madrid-Barajas and Alicante.  

Base scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

VAL Metro 30 51,894 93,016 

BCN  HST + 
commuter rail 

170 
13,216 2,369 

MAD HST + 
commuter rail 

 
138 22,339 4,004 

ALI Car 133 5,787 1,037 
Table 31: Access times and trip distribution by airport, mode and trip purpose in the base scenario from 

València. Source: Self-developed. 

Alternative 1 scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

VAL metro 30 47,148 8,451 

BCN HST 130 20,534 3,680 

MAD HST + 
commuter rail 

 
138 20,296 3,638 

ALI Car 133 5257 942 
Table 32: Access times and trip distribution by airport, mode and trip purpose in the alternative 1 

scenario from València. Source: Self-developed. 

Alternative 2 scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

VAL Metro 30 49,277 8,832 

BCN HST + launcher  
145 17,251 3,092 

MAD HST + 
commuter rail 

 
138 21,213 3,802 

ALI Car 133 5,495 985 
Table 33: Access times and trip distribution by airport, mode and trip purpose in the alternative 2 

scenario from València. Source: Self-developed. 
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 Perpignan 

The French airport of Toulouse-Blagnac is here considered as the main competitor for 

Barcelona-El Prat. The airport of Perpignan-Rivesaltes has a very scarce offer and the 

majority of its flights do not operate during all year. 

Base scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

TOU Car 114 2,524 344 

BCN Car 123 11,236 1,532 

HST + 
commuter rail 

 
140 8,673 1,182 

Table 34: Access times and trip distribution by airport, mode and trip purpose in the base scenario from 

Perpignan. Source: Self-developed. 

Alternative 1 scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

TOU Car 114 2,128 290 

BCN Car 123 9,471 1,291 

HST 115 10,834 1,477 
Table 35: Access times and trip distribution by airport, mode and trip purpose in the alternative 1 

scenario from Perpignan. Source: Self-developed. 

Alternative 2 scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

TOU Car 114 2,298 313 

BCN Car 123 10,230 1,395 

HST + launcher  
115 9,905 1,350 

Table 36: Access times and trip distribution by airport, mode and trip purpose in the alternative 2 

scenario from Perpignan. Source: Self-developed. 
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 Narbonne  

As well as for Perpignan, Toulouse-Blagnac and Barcelona-El Prat are the airports in 

competition. 

Base scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

TOU Car 89 2,712 369 

BCN Car 175 3,634 495 

HST + 
commuter rail 

 
180 3,435 468 

Table 37: Access times and trip distribution by airport, mode and trip purpose in the base scenario from 

Narbonne. Source: Self-developed. 

Alternative 1 scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

TOU Car 89 2,416 329 

BCN Car 175 3,238 441 

HST 115 4,128 562 
Table 38: Access times and trip distribution by airport, mode and trip purpose in the alternative 1 

scenario from Narbonne. Source: Self-developed. 

Alternative 2 scenario 

Airport Access mode Access time 
(minutes) 

Leisure trips Business trips 

TOU Car 89 2,542 346 

BCN Car 175 3,407 464 

HST + launcher  
165 3,833 522 

Table 39: Access times and trip distribution by airport, mode and trip purpose in the alternative 2 

scenario from Narbonne. Source: Self-developed. 

 

4.3. Travel demand forecast results evaluation 

 

It is interesting to show the results of the travel demand forecast in a clearer way. 

The expected effect of the implementation of the both alternatives were two. First, the 

shift of passengers currently reaching the airport by car to the HSR mode. Second, the 

choice of Barcelona's airport as origin of their flights by people currently flying from 

other airports. 
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The mode shift of passengers from car to HSR due to the starting operation of the new 

services are graphically represented in the following graph. 

 

Graph 5: Access mode shift due to the introduction of the new services. Source: Self-elaborated. 

As it was expected, the mode shit caused by the alternative 1 is larger than the caused 

by the alternative 2. This agrees with the fact that the alternative 1 implies a larger 

travel time saving. It is remarkable that the mode shift share, reaching the 39% in the 

case of the alternative 1 and a 32% in the case of the alternative 2. 

The changes on the airport chose are represented in the next graph. 

 

Graph 6: Airport choice change due to the introduction of the new services. Source: Self-elaborated. 

The alternative 1 induces a 39% of the outbound travellers to change their airport of 

origin. Alternative 2, a 34%. This airport change shares are quite large, showing the 

great attractiveness gained by Barcelona's airport with the new connections.  
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Note that the redistribution between modes when a new one starts operating or when 

the performance of one of the existing modes is considerably improved is not 

instantaneous. A certain amount of time is required for passengers to adapt their 

choices to the new scenario. However, to simplify the computations on the following 

sections it will be assumed that the evolution of the mode and airport distributions are 

instantaneous. 
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5. Cost-benefit analysis 

 

In this section of the study we will perform an economical analysis. A Cost Benefit 

analysis (CBA) will be performed in order to provide a reliable objective basis for the 

alternative choice. This analysis will determine if the intermodal projects presented are 

economically feasible alternatives to provide a connection between Barcelona-El Prat 

airport and the Spanish and French high-speed railway networks. 

It is a key issue for a country to decide in what infrastructures invest, where and when. 

Usually transport infrastructure projects have some intrinsic characteristics which 

make an economical evaluation a key issue. These characteristics are a huge initial 

investment, the investment is irreversible, they usually cannot be divided, there is a 

risk on the demand which provokes some uncertainties and, finally, there is always the 

possibility of delaying the investment.  

 

The Cost-Benefit Analysis 

According to the definition given in Guia per a l'avaluació de projectes de transport 

from the Col·legi d'Enginyers de Camins, Canals i Ports de Catalunya, the Cost-Benefit 

Analysis is based on the monetary quantification of both the benefits and costs 

induced by the construction, operation and use of an infrastructure to the society. 

With the CBA we want to identify those transport investments that have the greatest 

net benefit to the society in order to help policymakers choosing the best alternative in 

order to efficiently use the scarce public resources.  

The guide cites the seven categories in which the benefits and costs associated to the 

construction and operation of a new transport project can be classified according to 

the Guia para la evaluación de proyectos del Banco Interamericano de Desarrollo by 

Ginés de Rus (2006). These categories are the following ones: 

 Infrastructure investment 

 Reduction of the total travel time 

 Reduction of the traffic accidents and their gravity 

 Costs savings related to the operational costs of the infrastructures and 

vehicles. 

 Maintenance and use-related costs variation 

 Positive or negative externalities 
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The following sections of the work monetary quantify both the associated costs and 

benefits associated to each alternative following the recommendations of the Guia per 

a l'avaluació de projectes de transport. 

 

5.1. Railway infrastructure and rolling stock investments 

 

The railway infrastructure investment comprises all the investment required to build 

the infrastructure as well as the purchase and maintenance of the new rolling stock if it 

is necessary but not its financial costs.  

As we do not have a real construction project budget available an estimation of the 

infrastructure investment will be carried out using average costs per kilometre 

provided in the guide.  

The guide recommends using the global economy deflator to actualize these costs. 

Thus, the Consumer Price Index (CPI) will be used to actualize the costs from 2010 to 

2015. According to the data provided by the Instituto Nacional de Estadística (INE), the 

variation of the Spanish CPI between January 1995 and January 2015 has been of a 

61.1%. Hence, the average annual variation of the CPI during the last 20 years is 

3.055%.  

 

Alternative 1 

The following table presents the recommended cost in the guide and the actualized 

one that will be used to estimate the infrastructure investment for the alternative 1. 

Description Value 2010 Value 2015 Unit 

Average construction cost of high-speed railway 
infrastructure 

18,000,000 20,750,000 €/km 

Table 40: Costs of railway investments. Source: Guia per a l'avaluació de projectes de transport and self-

elaborated. 

We have to be aware that our assumptions for this alternative is that new railway line 

passes through in tunnel, which considerably rises the cost. The Guia per a l'avaluació 

de projectes de transport does not give construction costs for railway tunnels but for 

road tunnels. Moreover, real high-speed railway tunnels construction cost have been 

found in other sources. For example, the urban high-speed railway tunnel between 

Barcelona-Sants and La Sagrera had an average cost per kilometre of 31.74 M€ in 2008 

that would be 36.6 M€/km once actualized to 2015.  
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The cost for road tunnels given in the guide is: 

Descriptio Value 2010 Value 2015 Unit 

Average construction cost of tunnel 9,000,000 10,375,000 €/km 
Table 41: Costs of tunnel construction. Source: Guia per a l'avaluació de projectes de transport and self-

elaborated. 

We can see that the sum of the basic railway infrastructure average cost and the 

tunnel construction average cost, 31.125 M€/km, is quite similar to the construction 

cost of the tunnel under Barcelona. We decide to apply the average cost estimated. 

Hence, the construction of the 15 kilometres long railway tunnel would require an 

investment of 466,875,000 €. 

Note that this alternative does not require an investment in rolling stock nor a railway 

station as it is already built under terminal 1 (some investment to adequate the station 

to be operationally would be necessary but this is difficult to estimate and the amount 

would be insignificant compared to the whole investment). 

 

Alternative 2 

The following table presents the recommended costs in the guide and the actualized 

ones that will be used for the alternative 2 infrastructure investment analysis. 

Definition Value 
2010 

Value 
2015 

Unit 

Average construction cost of commuter railway 
infrastructure 

7,000,000 8,069,000 €/km 

Average cost of commuter trains  4,000,000 4,611,000 €/train 
Table 42: Costs of railway investments. Source: Guia per a l'avaluació de projectes de transport and self-

elaborated. 

In the same way as for the alternative 1, the road tunnel average cost provided in the 

guide will be used. 

In the case of the alternative 2 a new railway station under terminal 2 is required. The 

guide does not provide an average cost for railway stations construction. Based on the 

real costs of a commuter railway station in Spain we decide to use a cost of 7,000,000 

for the railway station under terminal 2. 

We will assume that the future line will be operated with two new trains. Hence, an 

investment of 9,222,000 € is required. 

In total, the railway infrastructure investment required is 126,886,000. 
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5.2. Railway infrastructure maintenance and operation costs 

 

In order to maintain the quality of the infrastructure, some investments are required 

during its lifetime. In addition other variable operational costs are related to the 

services offered that, in the case of railway infrastructures, can be considerably high 

according to the guide. These costs critically depend on the infrastructure usage. 

Following the recommendations of the guide, the maintenance cost of the 

infrastructure will be estimated using fixed average cost per line kilometre and variable 

average cost depending on the usage intensity of the line. This variable cost depends 

on the train·km running on the line. It includes the operation costs such as electricity 

consumption and employers salaries. 

 

Alternative 1 

In the same way, the costs given in the guide have to be actualized using the variation 

of the Spanish CPI. The average annual value of 3.055% has been used. 

The following table includes the values of the applicable costs recommended by the 

guide. 

Description Value 
2010 

Value 
2015 

Unit 

Average fixed maintenance cost of high-
speed railway infrastructure 

65,000 75,000 €/km·year 

Average variable maintenance and 
operation cost of high-speed railway 
infrastructure 

19.5 22.5 €/train·km·year 

Average high-speed railway operational 
cost  

19.7 22.7 €/train·km 

Table 43: Costs of railway infrastructure maintenance and operation. Source: Guia per a l'avaluació de 

projectes de transport and self-elaborated. 

The fixed maintenance cost of the infrastructure will be of 1,125,000 € per year. 

 

 

 

 



High-speed rail and air intermodality at Barcelona-El Prat Airport…                                Guillem-Anton Aguilà Calbet 

UNIVERSITAT POLITÈCNICA DE CATALUNYA 
56 

The variable maintenance and operation costs will depend on the use of the 

infrastructure. Thus, the use of the infrastructure will be estimated in the following 

way: 

 There will stop at Barcelona-El Prat Airport those trains currently running from 

Madrid to Barcelona (or Girona - France) except direct services. This is 22 trains 

per day. 

 There will stop at Barcelona-El Prat Airport those trains currently running from 

France or Girona to Madrid. This is 8 trains per day. 

 There will not stop at the Airport those trains starting their trip at Barcelona-

Sants station.  

 There will stop at Barcelona-El Prat Airport all the trains running from Murcia, 

Alicante or Valencia to Barcelona (or Girona - France). As there is not 

information about the future services we will take a daily frequency of 15 trains 

per direction. This is 30 trains per day. 

All in all, the daily trains that will pass through the new segment of the line will be 60. 

Taking this into account, the annual maintenance and operation variable costs will be 

of 7,391,000 € and the annual operational costs will be of 7,457,000 €. 

In summary, the total maintenance and operational annual cost of the new railway 

infrastructure will be of 15,973,000 €. 

 

Alternative 2 

The following table includes the values of the applicable costs recommended by the 

guide. 

Definition Value 
2010 

Value 
2015 

Unit 

Average fixed maintenance cost of 
commuter railway infrastructure 

28,000 32,000 €/km·year 

Average variable maintenance and 
operation cost of commuter rolling stock 

9.3 10.7 €/train·km·year 

Average commuter railway operational cost  9.4 10.8 €/train·km 
Table 44: Costs of railway infrastructure maintenance and operation. Source: Guia per a l'avaluació de 

projectes de transport and self-elaborated. 

The fixed maintenance cost of the infrastructure will be of 192,000 € per year. 

If we consider that for each stopping high-speed train, the shuttle trains do a round 

trip between El Prat station and the airport it means that a total of 120 daily trips.  

Thus, the annual maintenance and operation variable costs will be of 2,812,000 €. 
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The annual operational costs will be of 2,838,000 €. 

In summary, the total maintenance and operational annual cost of the new railway 

infrastructure will be of 5,842,000 €. 

 

5.3. Travel time cost savings 

 

The travel time savings are usually the greatest social benefit related to transport 

infrastructures. In order to compute these economic savings we need to determinate 

the value of time (VOT). This value is given in €/h and expresses the price a passenger 

would pay to reduce its travel time in an hour. As greater the VOT, more suitable is a 

faster, and usually more expensive, transport mode. Furthermore, as lower the VOT, 

more attractive is a slower but cheaper transport mode. 

According to the bibliography consulted the VOT depends on the transport mode as 

well as on the purpose of the trip. Usually trips have been classified in three groups 

depending on their purpose. These groups are business, commuting/private and 

leisure/holiday.  

Instead of using the values recommended by the Guia per a l'avaluació de projectes de 

transport in this section we will use the values of time proposed by the European 

research project UNITE (UNIfication of accounts and marginal costs for Transport 

Efficiency). The project follows the trip classification presented above. In our study 

only business and leisure/holiday VOT will be considered.  

In addition we have to take into account that for a specific traveller the value of time 

may change depending on different situations during the trip. Usually the time is 

divided into in-vehicle time, waiting time and walking time. Furthermore we can 

distinguish between the value for expected travel time and the value for delay time 

but this will not be taken into account in this study. Following the recommendations of 

the UNITE project the in-vehicle time cost will be multiplied by 1.6 for walking and 

waiting time costs. 
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The values of time given by UNITE which are relevant for this study are summarized in 

the next table: 

Transport mode Purpose of the trip UNITE values in €/h. 

Car/Motorcycle  Business 
Leisure/holiday 

21.00 
4.00 

Inter-urban rail Business 
Leisure/holiday 

21.00 
4.70 

Air traffic Business 
Leisure/holiday 

28.50 
10.00 

Table 45: Values of time 1998. Source: UNITE. 

According to the UNITE recommendations, thes values must be adjusted in order to be 

applied to the different European countries. This adjustment includes a general 

adjustment based on the purchasing power parity in each country and a specific 

adjustment for the leisure/holiday VOT based on the Indirect Taxation on Consumer 

Expenditure. The factors to adjust this values to Spain and France are shown in the 

following tables: 

Country Value Transfer: Factor on 
UNITE VOT 

Spain 0.778 

France 0.954 
Table 46: Factors to Transfer Values from State-of-the-Art Studies. Source; UNITE project. 

Country τ 

Spain 0.21 

France 0.20 
Table 47: Average Rate of Indirect Taxation on Consumer Expenditure, τ. Source: UNITE project. 

The VOTs given by the UNITE project are expressed in € of 1998. The recommendation 

given is to actualize the VOT following the evolution of the real income per capita with 

an elasticity 1.  

Now we can proceed with the adjustment to the specific countries and the 

actualization of the values. 
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Spain 

Factor of transfer: 0.778; τ = 0.21. then, 

Transport mode Purpose of the trip UNITE values in €/h. 

Car/Motorcycle  Business 
Leisure/holiday 

16.34 
2.57 

Inter-urban rail Business 
Leisure/holiday 

16.34 
3.02 

Air traffic Business 
Leisure/holiday 

22.173 
6.43 

Table 48: Values of time in Spain in 1998. Source: Self-elaborated. 

The Instituto Nacional de Estadística provides information about the evolution of the 

household income, which will be used here to actualize the values. 

Year Average household income 

1998 18,334 (1998 €) 

2012 26,775 (2012 €) 
Table 49: Average household income. Source: INE. 

According to this data, the variation of the average house hold income in Spain 

between 1998 and 2012 was + 46.04%. 

But we need values for 2015. As we do not have the data the UNITE recommends we 

will use the evolution of the GDP per capita between 2012 and 2015. This variation 

was about the 0.8% (source IMF). 

Now we can actualize the VOT to 2015: 

Transport mode Purpose of the trip values in €/h. 

Car/Motorcycle  Business 
Leisure/holiday 

20.03 
3.75 

Inter-urban rail Business 
Leisure/holiday 

20.03 
4.41 

Air traffic Business 
Leisure/holiday 

32.40 
9.39 

Table 50: Value of time in Spain in 2015. Source: Self-elaborated. 
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France 

Factor of transfer: 0.954; τ = 0.2. then, 

Transport mode Purpose of the trip UNITE values in €/h. 

Car/Motorcycle  Business 
Leisure/holiday 

20.03 
3.18 

Inter-urban rail Business 
Leisure/holiday 

20.03 
3.74 

Air traffic Business 
Leisure/holiday 

27.19 
7.95 

Table 51: Values of time in France in 2008. Source: Self-elaborated. 

In this case we will actualize the values using the GDP per capita variation. The GDP per 

capita variation from 1998 to the first semester of 2015 in France was of 38.2 % 

(Source: IMF).  

Now we can actualize the VOT to 2015: 

Transport mode Purpose of the trip values in €/h. 

Car/Motorcycle  Business 
Leisure/holiday 

27.68 
4.39 

Inter-urban rail Business 
Leisure/holiday 

27.68 
5.17 

Air traffic Business 
Leisure/holiday 

37.58 
10.99 

Table 52: Values of time in France in 2015. Source: Self-elaborated. 

With these values we can compute now the travel time savings produced by the 

transport alternatives studied. 

The travel demand forecast performed will be the basis for the computation of the 

time savings. We have to be aware that the alternatives do not only have positive 

effects in relation to the travel time. Due to the new line layout and the new stops, 

passengers who are not accessing to the airport are negatively affected. This means 

that their travel times are increase. Thus, they add an additional social cost to the 

project. 

In summary, the travel time savings will be the subtraction between the travel time 

savings of those users reducing they access travel time to the airport and the 

increasing travel time of those current users of the HSR. 

To estimate these savings more precisely we have consider the difference between the 

derived and the generated trips caused by the projects. The Guia per a l'avaluació de 

projectes de transport gives a simple definition and clearly explains how to deal with 

them regarding the travel time savings.  
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The derived trips are those trips that currently exist and that are expected to shift their 

mode due to the introduction of a new alternative. In our case, these trips are the ones 

that shift from the road mode to the HSR mode. For these trips, the time savings are 

the total difference between the old travel time and the new one. In addition, those 

currently using the HSR plus the commuter railway that will use the new HSR 

alternatives will be considered as derived trips in regard the travel time savings 

treatment. 

On the other hand, the generated trips are those that are new (i.e. those people that 

was not travelling before the introduction of the new alternative). In this study we will 

consider those passengers who change their airport of origin as generated trips. In this 

case, the travel time savings are half the travel time savings of the derived trips. 

To estimate the increasing travel time costs we need to determinate how many 

passengers of the current services will be affected. Due to the lack of detailed data 

about the trips in the Madrid-Barcelona-France high-speed and that the high-speed 

Mediterranean corridor is not constructed already, the number of passengers affected 

has been estimated in 3,900,000 per year using data published in the website 

ferropedia.es in the way described below:  

 The direct trains between Madrid and Barcelona are approximately one third of 

the total number of trains connecting both cities. Hence, two thirds of the 

3,184,000 (year 2013) are affected. 

 The total number of passengers travelling between Barcelona and Zaragoza are 

affected. This is 613,815 (year 2013). 

 The total number of passengers travelling between Barcelona and Lleida are 

affected. This is 151,188 (year 2010). 

 We consider that all passengers travelling through the Mediterranean corridor 

will be affected. We assign an annual traffic of 1,000,000 passengers. 

 No data about the traffic to or from Girona and France has been found and it 

will not be considered. 

As no data about the purposes of the trips in the Madrid-Barcelona-France have been 

found we will apply the data presented by renfe referred to trip purposes in the high-

speed services between Madrid and Valladolid in 2010. According to that data, 50% of 

the trips had business as their main purpose. We will consider then that the 

distribution between leisure and business trips is 50% and 50% respectively. 

 

Alternative 1 

In total, the time saved by these users represents 1,289,000 € per year in travel time 

cost savings. 
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On the other hand, the travellers seeing their travel time increased by 15 minutes 

because of the new route suppose an additional cost of 13,801,000 € per year. 

 

Alternative 2 

Due to the implementation of the intermodal service the total amount of travel time 

cost saving is 1,130,000 € per year. 

By contrast, the cost of the 5 minutes los by those users not accessing the airport is 

4,600,000 € per year. 

 

5.4. Pollution cost savings 

 

The transport projects produce external costs related to the emission of polluting 

gases that affect the whole society. These involve impact to the climate change as well 

as the environmental pollution (involving the effects on population's health, the 

materials, the buildings and the agriculture).  

A previous step is required before estimating these savings. The costs of these 

externalities depend on the number of vehicles. Thus, we have to translate the number 

of car trips into number of vehicles. To do so, the guide provides the car occupancy 

factors determined in the Pla Director de Mobilitat de la Regió Metropolitana de 

Barcelona.  

Trip purpose Occupancy factor 

Business 1.10 

Leisure 1.72 
Table 53: Car occupancy factors. Source : Pla Director de Mobilitat de la Regió Metropolitana de 

Barcelona. 

 

5.4.1. Environmental pollution cost savings 

 

Different techniques exist to estimate the costs associated to these externalities. Some 

of them are based on the prevention costs while others are based on the mitigation 

costs. 
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The Guia per a l'avaluació de projectes de transport provides a simple way to estimate 

these costs based on the average circulation velocities and the composition of the car 

fleet. The value given in the guide has to be actualized by the evolution of the CPI. 

Definition Value 2010 Value 2015 Unit 

Pollution cost for light vehicles 14.00 16.14 €/1,000 km 
Table 54: Pollution costs for light vehicles. Source: UNITE project and self-elaborated. 

In order to apply these values the total travel distance saving has to be computed. To 

do so, the number of trips, previously translated into vehicle number, have to be 

multiplied by the distance between each origin and Barcelona-El Prat airport. 

The assumption that the railway mode does not emit polluting gases is accepted here 

to simplify the calculations. 

 

Alternative 1 

The implementation of the new access service causes an annual reduction of 4,760 

thousands of vehicle·kilometer. 

Hence, the environmental pollution cost saving is 77,000 € per year. 

 

Alternative 2 

The implementation of the new access service causes an annual reduction of 2,790 

thousands of vehicle·kilometer. 

Hence, the environmental pollution cost saving is 45,000 € per year. 

 

5.4.2. Effects on the climate change mitigation 

 

The effects of vehicle's greenhouse gas emissions is here monetized. The guide 

recommends using the estimated costs for the reduction of greenhouse gases 

emissions in the EU. 

Again, zero emissions will be assumed for the railway mode. 

First the total emissions have to be estimated. These depend on the fuel type, on 

vehicles cylinder capacity and the circulation velocity. 
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The values recommended by the Guia per a l'avaluació de projectes de transport for 

light vehicles are presented in the following table. We will assume that all the vehicles 

access the airport via highway. Thus, the circulation velocity will be assumed to be 

higher than 100 km/h.  

Velocity CO2 g/km NOx g/km PM10 g/km 

> 100 km/h 140.83 0.33 0.05 
Table 55: Light vehicle gas emissions. Source: Pla Director de Mobilitat de la Regió Metropolitana de 

Barcelona, 2007. 

The costs associated to these emissions are presented in the next table actualized to 

2015: 

CO2 NOx PM10 

32.28 €/tonne 3.33 €/tonne 20.00 €/tonne 
Table 56: Cost of emissions. Source: Kuik, O. et al: "Energy related External Costs due to Land Use 

Changes, Acidification and Eutrophication, Visual Intrusion and Climate Change" and self-elaborated. 

 

Alternative 1 

The reduction of emission tons is: 

CO2 g/km (tonnes) NOx (tonnes) PM10 g/km (tonnes)  

670.35 1.57 0.24 
Table 57: Emissions avoided in the alternative 1 scenario. Source: Self-elaborated. 

The cost saving is 22,000 € per year. 

 

Alternative 2 

The reduction of emission tons is: 

CO2 g/km (tonnes) NOx (tonnes) PM10 g/km (tonnes)  

392.91 0.92 0.14 
Table 58: Emissions avoided in the alternative 2 scenario. Source: Self-elaborated. 

The cost saving is 13,000 € per year. 
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5.5. Accident cost savings 

 

The accident risk of the roads depend on multiple variables. A simplified method to 

estimate the accident cost savings due to the reduction of the car trips, as in our case, 

is given in the guide. 

Three costs are considered. These costs are the ones due to damages to vehicles, the 

ones associated to mild and severe injuries and the costs associate to casualties. Costs 

for Spain will be applied to all the savings.  

Those costs are presented in the following table properly actualized to 2015 by means 

of the CPI variation. 

Vehicle damage Mild injures Severe injures Casualties 

2,085 €/vehicle 19,274 €/injured 250,324 €/injured 1,915,057 €/dead 
Table 59 : Car accident related costs. Source: UNITE project and self-elaborated.  

In order to apply these cost values we have to estimate the number of accidents 

avoided. 

The Guia per a l'avaluació de projectes de transport gives some accident rates 

depending on the road characteristics. For highways, the accident rates are: 

Accidents per 
million of veh·km 

Casualties per 
accident 

Severe injures per 
accident 

Mild injures per 
accident 

0.04  0.12 0.65 1.13 
Table 60: Highway accident rates. Source: Servei Català de Trànsit. 

Note that have not been found statistics of accident rates for the railway mode. Hence, 

a risk zero has been assumed. 

 

Alternative 1 

The next table summarizes the avoided accidents and consequences per year due to 

the implementation of the intermodal service. 

Accidents avoided Casualties avoided Severe injures 
avoided 

Mild injures 
avoided 

0.18 0.02 0.12 0.21 
Table 61: Avoided accidents in the alternative 1 scenario. Source: Self-elaborated. 

The cost avoided is 78,000 € per year. 
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Alternative 2 

The next table summarizes the avoided accidents and consequences per year due to 

the implementation of the intermodal service. 

Accidents avoided Casualties avoided Severe injures 
avoided 

Mild injures 
avoided 

0.10 0.01 0.07 0.12 
Table 62: Avoided accidents in the alternative 2 scenario.  Source: Self-elaborated. 

The cost avoided is 45,000 € per year. 
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6. Cost benefit analysis results evaluation 

 

In this section the results from the cost benefit analysis are evaluated. Our attention 

will be focused in analyze the importance of each of the costs and benefits related to 

each of the alternatives. It is important to know which of the costs and benefits have a 

larger weight in order to know in front of what changes the analysis would be more 

sensitive. 

Furthermore, we will calculate the social Net Present Value of the alternative projects. 

The evaluation of the results includes the application of decision criteria such as the 

Net Present Value (NPV). This function translates the future costs and benefits of the 

project to the present time. Hence, the NPV simplifies in a single number the 

socioeconomic value of the project, which eases the comparison between alternatives.  

To pass the future costs and benefits flows to the present value, the NPV uses a social 

discount rate. This rate tries to represent the amount of today's welfare the society is 

willing to renounce in order to enjoy a greater welfare in the future. 

The guide recommends a social discount rate of 6%. 

The NPV equation is the next one: 
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where: 

 Bt is the total benefit of the alternative at the year t; 

 Ct is the total cost of the alternative at the year t; 

 r is the discount rate; and 

 n is the number of years considered in the analysis. 

  

Note that the costs and benefits will vary along time. This is, we expect that the 

maintenance costs, values of time, accident costs and pollution-related costs will 

change over time. In the same way as we have actualized their value to 2015, we 

assume that they will evolve following the Consumer Price Index variation. The 

calculated average annual variation of a 3.055% will be used. 
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In addition, we expect that the number of travellers will change with time as well. In 

this case, a simply way to estimate the future touristic movements is to assume that 

they will change following the evolution of the GDP with an elasticity 1. The 

International Monetary Fund has published previsions for the future evolution of the 

GDP until 2020. After that, a constant evolution is assumed equal to the one of 2020. 

The GDP evolution prevision by the MIF is shown in the following table (table ). 

Year GDP 
evolution 
prevision 

2015 2.46% 

2016 2.05% 

2017 1.77% 

2018 1.75% 

2019 1.74% 

2020 1.75% 
Table 63: GDP evolution prevision. Source: IMF. 

Hence, the assumed evolution of the Spanish GDP during the period of analysis is: 

 

 

Graph 7: Assumed Spanish GDP evolution during the period of evaluation. Source: IMF and self-

elaborated. 
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Alternative 1 

The distribution of the costs is represented in the following graph.  

 

Graph 8: Alternative 1 costs distribution. Source: Self-elaborated. 

As we can see in the graph above, the cost of the railway infrastructure investment is 

the largest part of the total cost, representing a 94%. This is not surprising as we are 

evaluating the construction of a high performance railway line. Moreover, the new line 

runs in tunnel, which increases its cost a 50%. This means that changes in the 

infrastructure construction budget will critically affect the total cost of the project.  

It is remarkable that the travel time costs are of the same order of magnitude than the 

maintenance and operation costs. This highlights the great negative impact the new 

route would cause to a large number of current users of the HSR line who will see their 

travel times increased.   

 

The distribution of the different benefits generated by the new infrastructure is 

represented in the following graph. 
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Graph 9: Alternative 1 benefits distribution. Source: Self-elaborated. 

The graph clearly illustrates the large weight that the travel time cost savings have 

among the benefits. Travel time cost savings are the most important benefit in almost 

any transportation project. In this case its weight is extremely prominent and this is 

basically due to the fact that the travellers changing their access mode from car to HSR 

are not that numerous. Hence, the savings related to the car mode externalities are 

not significant. Furthermore, the major part of the travel time cost savings are from 

those passengers currently accessing the airport by train. 

 

Finally, the NPV of the alternative 1 has been computed (see Annex 2):  

                                     

The NPV of the alternative 1 is -1,129 millions of Euros.  

The negative value of the NPV indicates that the project is not socially profitable. A 

negative result is a logic result as the annual benefits generated by the travel time cost 

savings and the pollution gases emissions reduction are exceeded by the travel time 

increasing costs and the maintenance costs. Furthermore, the large cost associated to 

the alternative estimated in this analysis makes totally improbable that an increase in 

the demand, even if it is considerable, could revert this situation. 

Hence, the alternative project 1 has to be discarded as a socially feasible alternative to 

enhance the HSR-air intermodality at Barcelona-El Prat Airport. 
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Alternative 2 

The distribution of the costs is represented in the following graph.  

 

Graph 10: Alternative 2 costs distribution. Source: Self-elaborated. 

Again, the infrastructure investment represents the greatest cost associated to the 

infrastructure. The maintenance and travel time costs are much less important. 

However, in this case the maintenance costs overweigh the increasing travel time 

costs. This is due to the smaller time loss caused by this alternative 2 compared to the 

one caused by the alternative 1. 

The distribution of the different benefits generated by the alternative 2 is represented 

in the following graph. 
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Graph 11: Alternative 2 benefits distribution. Source: Self-elaborated. 

The travel time cost saving is the greatest benefit generated by the infrastructure. As 

well as for the alternative 1, the mode shift generated by the alternative 2 is not that 

significant to represent a great benefit.  

 

The net present value of the alternative 2 has been calculated (see Annex 2): 

                                 

The NPV results in a negative value indicating that the project is not socially profitable. 

As well as for the alternative 1, a negative NPV is not a surprise as the benefits 

generated by the travel time cost savings and the pollution gases emission reduction 

are outweighed by the travel time increasing costs and the maintenance costs.  

Again we have to reject the alternative 2 as a socially feasible option to improve HSR 

and air intermodality at Barcelona-El Prat airport. 
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7. Further evaluation of the alternatives 

 

To widen the scope of the infrastructure evaluation, the Guia per a l’avaluació de 

projectes de transport recommends complete the evaluation with two more features. 

These try to comprise the entire impacts caused by a new infrastructure. 

Hence, macroeconomic, social and environmental impacts are quantitatively and 

qualitatively analysed. 

 

7.1. Macroeconomic impact evaluation 

 

The Guia per a l'avaluació de projectes de transport recommends including a study of 

the macroeconomic effects of the transport projects. In this section only a superficial 

review of the possible economic impacts generated by the construction and operation 

of the new railway accesses to Barcelona's airport will be covered. However there will 

not be performed any quantification of these effects. 

A general agreement exists regarding the positive macroeconomic effects of 

infrastructures and the negative impact on the economy competiveness of an 

insufficient infrastructure provision. 

According to the guide, these effects on the territory global economy are usually 

classified in two groups. The first one comprises the demand effects. Demand effects 

are related to the construction of the infrastructure itself, which requires high labour 

and positively affects the whole construction economic sector. Second, the offer 

effects are related to the infrastructure operation that positively affects the 

competitiveness of the territory stimulating the production. 

However, the starting operation of the projects studied would not have a significant 

impact on the global of the country economy. A great change in passenger's 

distribution among airports is not expected and neither it is the generation of new air 

traffic demand. Still, the passengers redistribution may have a slight effect on the 

regional airports such as Girona-Costa Brava and Reus. This would negatively affect 

those economic activities related to the airports activity such as the taxi sector 

providing access to the airports or the restoration services existing in the airports 

terminals. However, the local travel demand for these airports is insignificant 

compared to the amount of international passengers they receive.  



High-speed rail and air intermodality at Barcelona-El Prat Airport…                                Guillem-Anton Aguilà Calbet 

UNIVERSITAT POLITÈCNICA DE CATALUNYA 
74 

Our demand model has not taken into account the international demand of the new 

services proposed but it is not likely to be significantly affected. Taking as an example 

Girona's airport we can easily assume that the majority of the international traffic 

reaching the airport has not the city of Girona as their final destination but Barcelona 

or the touristic coastal villages in the Costa Brava. The introduction of the new mode 

accesses to Barcelona's airport does not increase the attractiveness of this airport in 

front of Girona's for these travellers. The connection between Barcelona's airport and 

the city centre not significantly improved by the new services as well as the access to 

the coastal destinations would require an additional transfer as the HSR line is not 

useful to access them. 

Hence, we can conclude that the starting operation of any of the alternatives would 

not produce a substantial macroeconomic effect. 

 

7.2. Non-monetized effects evaluation 

 

The last step of the evaluation of transprot projects proposed in the Guia per a 

l'avaluació de projectes de transport is to evaluate effects that cannot be monetized, 

usually due to the lack of reliable methodologies to estimate their monetary costs. 

Even so, these effects can be of great importance and, in some cases, even can be the 

principal justification for a transportation project. 

The non-monetized effects can be classified in three categories. These are: 

 Social aspects: The transport project could be beneficial in terms of increasing 

people's the quality of life, benefit disadvantaged social classes or contribute to 

the community welfare.  

 Territorial aspects: Some territorial benefits of a transportation project could 

be the enhance of the territory attractiveness or improve its connectivity. 

 Environmental aspects: Such as visual impact, noise impact or hydrologic 

impact.  

 

Barcelona's airport is located over the delta of the river Llobregat. From all the topics 

listed above, the most likely to occur because of the construction of the required 

infrastructure for each of the alternatives is an impact on the hydrologic environment 

of the delta. The construction of a railway tunnel may have negative effects on the 

subterranean hydrology as it could act as a drainage of the existing aquifers in the 

area. 
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Other environmental impacts as the noise or the visual impact are not significant due 

to the layout in tunnel. 

Regarding the social effects, it is not justifiable that it would have positive effects. 

Providing a new access to an airport does not make the air transport more affordable 

for socially disadvantaged people.  

 

7.3. Global evaluation 

 

Finally, after having performed the CBA, the macroeconomic impact evaluation and 

the evaluation of the non-monetized effects the Guia per a l'avaluació de projectes de 

transport recommends to summarize the results obtained to ease an overview of the 

alternatives. 

Then, we must classify the project in one of the five categories, A, B, C, D or E, where 

the grade A means that the alternative related impacts are very positive while the 

category E is the worst qualification and expresses that the basis of project must be 

reconsidered. 

 

Alternative 1 

The socioeconomic impact is extremely bad taking into account the high negative 

result of the NPV. 

The macroeconomic impacts of the project are not significant. 

The social and territorial effects are not significant while the environmental impact 

could be negative. 

Hence, the alternative 1 must be classified in the category E.  

 

Alternative 2 

The socioeconomic impact is extremely bad taking into account the high negative 

result of the NPV. 

The macroeconomic impacts of the project are not significant. 

The social and territorial effects are not significant while the environmental impact 

could be negative. 
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Hence, the alternative 2 must be classified in the category E.  
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8. Conclusions 

 

As it has been seen in the second section of the present work, intermodal high-speed 

railway and air agreements are beneficial for the different stakeholders involved and 

for air traffic passengers too. For this reason, some of the busiest European airports 

along with rail operators and airlines have developed this kind of services in the last 

two decades. 

Based on this, it can be easily argued that the starting operation of services with this 

characteristics at Barcelona-El Prat airport would have a positive effect on the airport's 

development and railway operators and airlines revenues as well as for those air 

passengers accessing the airport from distant cities. 

Even though the existence of these positive effects, the study developed clearly 

demonstrates that the construction and operation of the required infrastructure would 

not bring benefits to the society but very high costs. 

The socioeconomic evaluation of the two alternatives proposed totally advises against 

their implementation. The two Cost Benefit Analysis reveal that the investments 

required for the construction and maintenance of these infrastructures tremendously 

exceed the benefits produced. Even more, in both cases the total time cost savings 

generated by the new infrastructure are lesser than the total time cost increase caused 

to passengers currently using the Madrid-Barcelona-France high-speed line. 

It has to be specified that the Net Present Value result of the alternative 2, even 

though being negative, is better than the one of the alternative 1. This is due to the 

cheaper infrastructure investment required mainly. 

Furthermore, the evaluation of the macroeconomic impact the alternatives does not 

contribute in increasing its socioeconomic benefit. As it has been argued in the section 

7.1, it is not expected that the infrastructure would have a significant macroeconomic 

impact. Finally, it has been explained that the construction of the required tunnels for 

both alternatives may have a negative impact on the underground hydrology systems 

existing in the Llobregat delta. 

Based on what is explained above, both the alternative 1 and the alternative 2 must be 

classified in the category E according with the recommendations given in the Guia per 

a l'avaluació de projectes de transport of the Col·legi d'Enginyers de Camins, Canals i 

Ports de Catalunya. 
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As we have seen, enhancing the connectivity between the airport and the HSR network 

by means of the construction of a new specific infrastructure is not a feasible option 

nowadays. Contrarily, if the original layout of the Madrid-Barcelona-France HSR line 

would had been designed to stop at the airport, it would have add benefits to the 

overall socioeconomic impact of the line. These is due to the fact that the negative 

impact on the travel time of those passengers not travelling to the airport would not 

exist. Hence, the Net Present Value of the line would be increased thanks to the travel 

time saved by those passengers reaching the airport by HSR.  

 

I would like to finish these conclusions pointing out the capital importance of a good 

transport infrastructure planning. Infrastructure investments are in mostly all the cases 

defrayed by public funding. This fact is sufficiently relevant to justify an extremely 

accurate evaluation of all the transportation projects in order to choose those 

alternatives having the largest positive impact on the society, which means choosing 

the alternatives that maximise their social profitability. We have to be aware of the 

large opportunity costs associated to this kind of projects and of their high rigidity as 

they do are excessively expensive to modify. This has been demonstrated by this study. 

The costs of the airport's connection with the HSR network are now prohibitive 

because of the required modification of an existing transportation service. Instead, a 

different original design of the HSR line passing by the airport might have had a 

positive effect on the overall impact of the Madrid-Barcelona-France high-speed line.  
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