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Abstract
Long distance travel produces a substantial part of all person kilometers and is growing rapidly. The train’s market share in Europe is small and ever decreasing. Two studies analyse train attractiveness in international travel. The main explaining factors are number of transfers, travel time, obligation for seat reservation, and train status. Second in importance is price. Train demand is also dependent on attributes of the car alternative, while demand for high-speed services might be influenced by travel time of the airplane. Developments in European train supply are both advantageous and disadvantageous for train attractiveness.
1. Introduction

Long distance travel is underexposed in transport research. Most research is pushed by regional and local problems, like congestion and local air pollution. These problems are more noticeable than those produced by long distance travel, like greenhouse effects. An additional reason for little attention given to long distance travel is that a large part of research is ordered and financed by regional and national authorities. They are mainly interested in travel and related problems on their own territories and may ignore border crossing trips, many of them being long distance trips. Only supranational organizations like the European Union and the World Tourism Organization initiate some research on long distance travel, including cross border trips.
Still long distance trips are responsible for a substantial part of all traveled kilometers while for a large majority of the kilometers of long distance trips most polluting modes are used (airplane and car). Therefore, long distance trips contribute considerably to traffic problems. Moreover, long distance travel is growing rapidly, especially travel by airplane. The European Commission observes an imbalance in European transport modes and aimes for revitalising European railways (European Commission, 2001). Efficient policy directed at increasing market share of the train demands for knowledge of long distance travel behavior, in particular modal choice between train and its alternatives.
The paper addresses the question which factors explain attractiveness of the train mode in long distance travel. Additionally the question how recent developments in European train supply affect attractiveness is discussed. The analysis of factors that define attractiveness is mainly based on two case studies, both dealing with international travel to and from the Netherlands. One study examines train travel between the Netherlands and Germany. This study is done before high-speed trains were running between these countries and gives understanding about attractiveness of conventional express trains. The other study assesses the impact on train demand of introducing high-speed train services between the Netherlands and Paris (called Thalys). It gives in addition understanding about attractiveness of high-speed train services.
The discussion starts with a general overview of long distance travel in Europe (Section 2). Then the two studies mentioned before are described in the Sections 3 and 4. Section 5 compares the findings regarding factors influencing train attractiveness to actual developments in European train supply. Finally, section 6 concludes the main results.
2. Volume and characteristics of long distance travel
A useful source providing information on long distance travel in Europe is the Dateline-project. This project, initiated and financed by the EU, is a survey on long distance travel by residents of the European Union and Switzerland in the period 2001-2002. Long distance trips, included in the survey, are trips that are part of journeys to destinations that are at least 100 km distant as the crow flies. Journeys are round trips including both the outward and return trips.
So defined, European residents made 3.2 long distance journeys per person per year in 2001. This number is relatively small: less than 1% of all trips are made for long distance travel. However, the average distance between home and the most distant destination of a long distance journey is large: nearly 500 km in a straight line (2001). Assuming an average detour factor of 1.4, the total number of kilometers per person per year for long distance travel was ca 4500, a considerable part of all kilometers traveled. Assuming that the total number of kilometers per person per year traveled by Dutch inhabitants (12,400 in 2001 according to Dutch NTS and Dateline) reflects the European average, 35% of all kilometers were produced by long distance journeys. Raising the defined lower limit of long distance to 500 or 1000 km would reduce the estimated share of long distance kilometers to 25% and 20% respectively.
Following the distinction in four main purposes made in the Dateline-project, 30% of the long distance journeys (>100 km) are made for holidays (including at least four overnight stays), 15% for business, 16% for commuting, and 38% for other private purposes, including short holidays. The latter are dominant for distances < 300 km while holiday is the main purpose for larger distances. Most European long distance journeys are domestic; only 20% are international. Still the international journeys account for 60-65% of all long distance trip kilometers. The share of international trips is relatively low for inhabitants of the Mediterranean countries.
Long distance travel contributes substantially to traffic problems because the highly polluting modes airplane and car have high shares in long distance passenger kilometers (Table 1). Moreover, long distance travel is growing rapidly, in particular travel by airplane. The large growth in air travel is stimulated by the increasing supply of services by low cost carriers. It might be expected that such services will continue to increase in the near future, especially when low cost carriers will be allowed to serve intercontinental routes. Therefore, the relative importance of long distance travel in passenger transport and related problems is likely to increase further.

Table 1:
Modal shares and growth rates in European long distance travel

	
	Estimated share in 2001:
	Annual growth rate in the 1990s:

	
	Journey numbers1
	Person kilometers1
	International tourist arrivals2
	Holidays spent abroad by the Dutch3

	Car
	66.4%
	33.0%
	(2.9%
	1.2%

	Bus, coach
	5.4%
	3.8%
	
	-0.9%

	Train
	13.8%
	7.7%
	1.9%
	-2.1%

	Airplane
	12.0%
	53.4%
	5.4%
	9.1%

	Other
	2.4%
	2.0%
	4.1%
	0.0%

	Total
	100%
	100%
	3.6%
	2.4%

	1:
source: Dateline databases

2:
source: Cabrini (2002)

3:
source: Statline database of CBS


One should note that in calculating the kilometer figures in the third column all kilometers of a journey are attached to the main mode. This means that the distance traveled by modes that seldom are used for access and egress trips (like the airplane) are somewhat overestimated while the distance traveled by modes that are relatively frequently used for access and egress trips (like the car) are somewhat underestimated.

The increasing dominance of the airplane and decreasing role of the train are noticed by the European Commission as an unbalanced development; their policy is to revitalise European railways (European Commission, 2001).

Looking in more detail to the train mode, its market share depends on travel purpose. The train shares in long distance journeys are 9% for holiday travel, 18% for business travel, 24% for commuting and 11% for other private purposes. The difference between holiday and other private is found for the whole range of distances. The relatively high share in business travel is the result of high shares on shorter distances (< 500 km; the share goes up to 30% on distances of 300-400 km) and low shares on distances >800 km.
Another factor that is relevant for the train’s share is the need to cross national borders. In domestic journeys the market shares of the train are considerably higher than in international journeys. This is illustrated by Figures 1 and 2. These figures are based on Dateline-data. They exclude commuting for practical reasons.
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Figure 1:
Modal split in domestic journeys
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Figure 2:
Modal split in international journeys

The different modal splits in domestic and international travel can not be explained by differences in travel purposes: substantial higher shares of the train in domestic trips can also be observed for the separate purposes. The coach seems to be the counterpart of the train. It has a substantial larger market share in international journeys than in domestic journeys. Also the airplane has lower market shares in domestic travel, in particular for distances <1000 km. Interestingly, the increase of the plane’s share at increasing distance is hampered between 400 en 800 km in the domestic markets, while the train has here its strongest position. This could be an indication of competitiveness of high-speed trains that mainly serve domestic travel in this range of distances.
This section gives already evidence about four factors influencing long distance train patronage: travel purpose, distance, time (the train exhibits a decreasing market share), and need to cross national borders. The low quality of train services seems principally to be a problem in international travel. In next sections the emphasis is on international travel by train. Therefore, the results may not all be valid for domestic long distance travel. However, the latter has more frequently been investigated in other studies.
3. Modeling Dutch-German travel by train

Van Goeverden (1986) built a model describing train demand between the Netherlands and Germany. His analysis gives information about factors that influence long distance international train demand, at least between the two countries concerned. The model was developed in the framework of a cost-benefit analysis of two rail connections between the two countries. Both connections were threatened with closure and the model was used to estimate the impact of closure on train demand and passenger revenues. The model was estimated before high-speed trains (ICE) were running between the Netherlands and Germany and gives evidence about the influence of attributes of conventional express trains and alternative modes on international train demand. Next the model will be described briefly. A detailed description in English is given by van Goeverden (2006).

The general specification of the model is:
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where
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In this specification the model describes separately the direct influence of the train attributes (
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) and the additive influence of competition of alternative modes (
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). Only train demand of travelers living in either R or S is calculated. Persons living elsewhere are excluded. We call them “third travelers”.
Calibration of the model is based on statistics about train tickets sold at Dutch stations for stations in Germany in 1983. The data include information about the origin and destination stations and ticket type (like class and single/return tickets). The data are limited to regular tickets. Exclusion of non-regular tickets, like inter rail passes, is no problem. Travelers with such tickets may exhibit untypical travel behavior, having already decided to travel by train. Inclusion would create noise in the outcomes regarding attractiveness of the train.
The significance of relevant attributes was tested to find out which of them should be included in the definite model. Some results of these tests are:
1. Train frequency is not significant. Though many studies demonstrate a significant influence of frequency for short distance travel (see for instance Balcombe et al. 2004), absence of a significant influence in long distance travel is not surprising. Wardman (2004) states that “travellers would not regard low frequencies to be unreasonable on long distance journeys” and “longer distance journeys tend to be more planned and hence the convenience of high frequencies is less important” (p. 371). We would add a third argument: waiting time due to a certain interval time between services will cover a smaller part of total travel time when distance and in-vehicle-time increase, so reducing the relative impact of frequency.
2. The attributes of the airplane are not significant. After definite calibration of the model, leaving out the airplane as an alternative mode, the model still does not overestimate train demand in relation to good air connections (like Amsterdam-Frankfurt) nor does it underestimate demand in relation to poor air connections. A possible explanation is that the choice between air and train is not based on the defined attributes but on other factors, for instance, distance. An alternative explanation is that the markets for train and airplane are strictly separated, at least for the range of distances studied (<1000 km). In that case mode choice might precede destination choice. The latter is supported by Figure 2 that presents the modal split in international long distance travel. The figure shows that the market share of the train is fairly constant for distances up to 1000 km, despite a sharp increase of the airplanes market share at increasing distance. The latter is at the cost of the car’s share’.
In the definite model, one alternative mode is included, the car. The following specification of the generalized cost functions in (1) has been chosen:


[image: image11.wmf]1

()***

ttttttt

RSpRStRSoRS

fcpto

aaa

=++


(2)

[image: image12.wmf]12

2

**

(,,,...)*

**

tttt

pRStRS

taa

RSRSRSr

cccc

pRStRS

pt

fccc

pt

aa

a

aa

æö

+

=

ç÷

ç÷

+

èø


(3)
where
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: money costs of journeys from R to S by train and car respectively expressed in kilometers (assuming constant costs per km).
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number of transfers when traveling by train between R and S.
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The influence of travel costs and travel time could not be assessed simultaneously because both variables are highly correlated. Based on literature (Bruzelius, 1979) constant ratios between the parameters of both variables are assumed for both train and car. Moreover, the time parameter for the car (
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) was given a value in advance, because it is redundant. The observed number of train travelers, the attributes of train and car and the population of the region of residence are input in the calibration procedure. The paramaters 
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 of the region of destination are estimated. Therefore, for each calibration the region of destination (S) is fixed. The destination regions selected for the calibration are Amsterdam for the German travelers and both Düsseldorf and Cologne for the Dutch travelers. One of the outcomes is that residents of North Germany are significantly more inclined to travel by train to the Netherlands than the other German residents. Therefore, a separate estimation for the North Germans is performed.
The estimated parameter values for the Germans excluding those living in North Germany are:
estimated values
t-statistic
values fixed in advance
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Estimations for the residents of North Germany and the Netherlands are limited to 
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. The influence of the distance related time variable could not be assessed for both groups because the variations in distances are too small. The value of 
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 estimated for those living in Middle and South Germany as well as the fixed parameters are assumed to be also valid for these groups. The estimated values for the remaining parameters are:

North Germans
t-statistic
Dutch
t-statistic
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The Dutch parameters are the average of estimates for the two destination regions Düsseldorf and Cologne. Both estimates gave similar parameter values.

The effects of the significant attributes are summarized in Table 2. The factor ‘distance’ has two components: time and cost. The effects of an increase in distance are in fact the effects of a corresponding increase in these two variables. The direct distance effect  means the effect of increasing distance on train use if their would be no alternative mode; the related parameters are 
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. The indirect distance effect includes the additional effect due to competition of the car; the related parameter is 
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. The assumed increase of 10% in the table relates to an increase in the generalized cost ratio between train and car. The effect of increasing transfer numbers refers to an additional transfer on all connections between the origin and destination regions R and S; the related parameter is 
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Table 2:
Factors influencing long distance train demand

	Factor
	Increase of factor
	Decrease in train demand

	Distance, direct effect
	10 km
	2.5-3%

	Distance, indirect effect
	10%
	10-40%

	Transfer number
	1
	30-60%


Regarding the results of this section, it should be noticed that the study relates only to international travel and conventional express train services. Considering the large difference in market share of the train in international and domestic travel, the estimated parameters and related effects are likely not to be valid for domestic travel. Possible differences between conventional and high-speed services are subject of the next section.
4. Impact of introduction of the Thalys service

In 1996 a high-speed train service was introduced between Amsterdam and Paris, called Thalys (Figure 3). Thalys trains provided 4 daily services between both cities and a rather frequent additional service between Brussels and Paris. The conventional express train services running from the Netherlands and Belgium to Paris were abolished except for the night train. Between Amsterdam and Brussels, the conventional and frequent “Benelux”-train service continued to be operated as an alternative for the Thalys. Initially the Thalys trains could run at high speed only on French territory, limiting the gain in travel time to 30-60 minutes. A few years later, the whole section Brussels-Paris was operated with high speed, and shortly the trains will run at high speed along the whole route.
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Figure 3:
The Thalys route

In contrast with the former conventional trains, for Thalys services seat reservation is obligatory. Additionally, regular tickets are not valid in the Thalys trains. Thalys introduced its own, rather complicated fare system with low fares for early booked return tickets and high fares for single tickets and late bookings.

HCG (1997) studied the impact of replacement of conventional train services by Thalys one year after Thalys introduction. The study is reported in English by Ettema et al. (1998). They observed a growth in train demand between the Netherlands and France of 27%, mainly due to Thalys introduction. Selecting the trains at daytime – the night service was not affected by Thalys introduction–, Thalys induced a growth of 30%. However, nearly 50% of the Thalys passengers indicated that they would not have traveled by train if the Thalys service was not introduced. So, the new market created by the Thalys is substantially larger than the total growth in train demand. This means that the train also lost a substantial part of the old market (Figure 4). The computed loss is one third of the old market, but the margins of this figure could be large.
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Figure 4:
Changes in train use between the Netherlands and France after Thalys introduction
A considerable part of the new passengers (45%) indicated that they would otherwise have traveled by airplane. Contrary to the findings mentioned before regarding conventional train services, high-speed trains seem to be competitive to the airplane. Also competitiveness to the car is high: 35% of the new Thalys passengers would otherwise have traveled by car. A smaller share of the new passengers would have traveled by coach (10%), the remaining 10% would not have made the journey.
Strong competitiveness of high-speed trains to the airplane is also found in studies relating to domestic travel (see for instance Bonnafous, 1987 for the TGV Paris-Lyons and Pintidura, 2003 for the AVE Madrid-Sevilla). Presumably potential air travelers consider high-speed train services as a serious alternative unlike conventional train services.

An interesting result is the small volume of induced travel (10% of the new market and only 5% of all trips made by Thalys). It should be noted that these figures reflect the short term effect of a modest speed increase. In the long term the share of generated trips could increase, in particular when a larger part of the route will be operated at high speed. Still we expect only a limited increase of the share of induced trips. The main argument is that for those traveling between the Netherlands and Paris, the Thalys is not essentially faster than the fastest alternative, the airplane.
The main reason for traveling by Thalys, mentioned by Thalys passengers, is shorter travel times. Persons that continued traveling with conventional trains mentioned ‘timetable’, obligation for seat reservation and price as important reasons for not traveling by Thalys. The ‘timetable’ argument might relate to the much higher frequency of the conventional Amsterdam-Brussels services or the possibility to arrive early in the morning in Paris or Amsterdam using the conventional night train. Seat reservation obligation is by far the most important reason for frequent travelers, timetable is the most important reason for non-frequent travelers. Air travelers mentioned travel time as the main argument for not traveling by Thalys.
Reasons why former train passengers have been lost are not examined. One reason will be the worsened connections on some routes. Also the price may play a role. We hypothesize that at least the need for seat reservation is an important factor. Obligatory seat reservation reduces the number of travelers in two ways. First, travelers may dislike making reservations before and decide not to travel by train. Second, the train company may refuse train access because no unreserved seats are left. From the traveler’s point of view, the first reason could be indicated as active choice, the second as passive choice. Terabe and Ongprasert (2006) demonstrate that obligatory seat reservation combined with insufficient train capacity is found worldwide for high-speed trains and other long distance services. The resulting passive choice not to travel by train applies in some cases to a considerable number of all potential travelers. Based on the author’s experience and what he learned from others, the latter might also be true for the Thalys.
Comparison of the new market created by the Thalys services with the estimated growth using the models that we developed for train travel between the Netherlands and Germany (Section 3) gives rise to the supposition that there is an additional factor explaining the large increase in demand. The estimated growth, based only on travel time reduction, never exceeded half of the observed growth. We hypothesize that high-speed services like the Thalys gain a special ‘status’ that attracts more passengers, apart from the real time reductions. Train status could be a factor that makes trains more competitive to the airplane.
Summarizing, the analyses described in Sections 3 and 4 demonstrate that demand for international long distance travel by train is very sensitive to a number of train attributes. Most important are number of transfers, travel time, obligation for seat reservation, and status. Second in importance is price. Frequency of services is rather unimportant, though large changes in frequency still may affect demand substantially. There is a clear competition between train and car: train demand is highly sensitive to travel time and costs of the car. Competition between train and plane is only found for high-speed trains. There is no evidence of influence of the attributes of the airplane on demand of conventional express trains.
5. Developments in long distance train supply in Europe

International long distance train services in Europe are liable to continuous changes. Last 20 years the changes have been accelerated. Comparing the timetables, the following major changes can be observed:

1. An increasing number of high-speed services are operated, mainly on domestic relations at medium distances (300-600 km). In most of the large European countries high-speed services are provided. Thalys and Eurostar (connecting Paris and Brussels to London) are the most striking examples of international high-speed connections.

2. Long distance train supply is becoming more fragmentarily. The rather homogeneous supply of express trains with a fairly transparent European fare system is being replaced by ‘special’ services that promote themselves as a product in itself rather than as part of a larger system. These services have their own fare system, usually with conditionally large reductions for return tickets that are only valid on the train services concerned. Often also seat reservation is required, sometimes seat reservation is encouraged by offering considerable fare reductions if seats are reserved before.

3. Direct long distance train services are disappearing. The withdrawal of very long distance services started many years ago, due to the intense competition of the airplane. Recently, removal of direct services has been accelerating. For instance, the Netherlands lost in a few years al direct train services to Denmark, Austria and Italy (Figure 5). Though it sounds contradictory, extension of high-speed services is one of the factors behind cutting long distance services. If a high-speed line is built, serving part of a long distance route, usually services are split up into different parts, one served by high-speed trains and the other served by conventional trains. Operating the whole route by high-speed trains is not cost-effective, because it needs expensive trains running at low speed over a considerable distance.
4. Services are being concentrated in certain corridors. This makes the timetable more transparent and raises frequency on these corridors. However, it also increases the need for making transfers. In the Netherlands, all international express train services have been concentrated on the routes to Amsterdam; large cities like Rotterdam and The Hague lost their frequent direct services to Germany. Another illustration is given by Figure 5: the number of corridors for long distance trains leaving the Netherlands reduced from 5 to 3.
5. Train services are operated to an increasing extent with fixed headways (“Taktfahrplan”). This enlarges transparency of the timetable as well.
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Figure 5:
Development of direct long distance train services from the Netherlands between 1986 and 2006
Having in mind the main factors explaining train attractiveness, some developments in train supply are advantageous and others are disadvantageous. The growing number of high-speed services increases train attractiveness, both because of shorter travel times and increasing train status. However, the advantages for long distance travel are limited. High-speed services are provided for medium distances; they often cover only a small part of very long distance journeys. For instance, no more than 10% of the route Amsterdam-Athens, across Europe, can be traveled with high speed. Also higher frequencies due to concentration in corridors and higher transparency of the timetable increase train attractiveness. The other developments are disadvantageous. Fragmentation of services, abolishment of long distance services and bundling services in corridors all bring about an increase in the number of transfers. Adding transfers on a route is not only disadvantageous in itself but it also increases travel time and decreases travel time reliability. The increasing need to reserve seats before and the complication and disharmonization of the fare systems are other developments that affect train attractiveness negatively. Considering the observed decrease of the train’s market share in long distance travel (Section 2), the balance of the different developments could be negative.
6. Conclusion

The paper assesses the main factors that define the attractiveness of long distance train services. The analysis is chiefly based on two case studies, one informing about attractiveness of conventional long distance trains, and one dealing with additional attractiveness of high-speed trains. Both studies regard international travel. Therefore, the results may not all be valid for domestic long distance travel.

The main factors explaining train attractiveness are travel time, number of transfers, obligation for seat reservation, train status, and price. Additionally, train demand is sensitive to attributes of the car as an alternative. In the case of high-speed trains this is also true for the competing attributes of the airplane. No significant influence on long distance train demand could be assessed in relation to frequency of services and, as far as conventional train services are concerned, attributes of the airplane.

Current developments in long distance train supply both enhance and reduce the attractiveness of the train. Positive developments are faster journey times of train services and increasing provision of high-status services. Negative developments are the increasing need to make transfers, extended obligation to make seat reservations, and complication of fare systems. In particular seat reservation obligation affects train attractiveness seriously: it creates uncertainty about the possibility to travel by train. European policy makers who aim to revitalize European railways should be aware of the negative developments and seek measures that reverse these, thus maintaining the positive developments.
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