Paper submitted to the 11th World Conference on Transport Research,

University of California, June 24th – 28th 2007
Generalised costs and travel distance in passenger transport

Terje Andreas Mathisen*
Bodø Graduate School of Business, NO-8049 Bodø, Norway

(* Author for correspondence: Email: terje.mathisen@hibo.no)
Abstract

Fares and time costs are determining factors for the demand of public passenger transport and they are both depending on travelling distance. The paper discusses how fares and time costs are influenced by travel distance and applies empirical evidence from Norway to calculate the relationship between generalised costs and travel distance for different transport modes. The calculations show that time costs generally are the most important part of the generalised costs and a reduction of time costs on public transport modes will be an important initiative to improve the competitiveness towards the private car.  

Keywords: Fares, generalised costs, passenger transport, time costs, travel distance 

1. Introduction 

Descriptive statistics of the domestic trips made by the population of Norway has been repeatedly studied in travel surveys (Denstadli et al., 2006; Denstadli et al., 2003). The domestic travel patterns are therefore well documented and provide the basis for further analyses of passengers travel behaviour. It is a stated goal for the Norwegian government to move the passenger travels from private car to public transport modes. The modal choice in passenger transport is determined by factors like habit, comfort, information, fares and speed which can be combined and given approximate pecuniary values using the term generalised costs comprised by fares (monetary costs) and time costs (e.g. Balcombe et al., 2004). 
Travel distance is perhaps the most important explanatory factor for the fare level on a trip. This is reasonable because underlying factors in this market, such as operating costs and demand, are highly influenced by travel distance. A close relationship is regarded as fair for the passengers because it implies increased fares as travelling distance increases. However, when considering the relationship between fares, generalised costs, quality and travel distance and how these relationships are affected by management objectives, it is not unambiguously clear that fares will increase with distance (Jørgensen and Pedersen, 2004). 

In addition to the monetary expenses of fares, the time related to travelling with a transport mode has a pecuniary alternative value for the passengers. A rational passenger seeks to minimize the sum of monetary expenses (fares) and time costs when travelling. Hence, a passenger would rather choose a faster and more expensive transport mode than a cheap and slow alternative if it implies lower generalised costs for the trip. A comparison of the generalised costs is, thus, an indicator of the competitive conditions between transport modes. 
The aim of this paper is twofold. First, a review based on earlier studies is presented of the relationship between fares and travel distance for different transport modes in Norway. Second, standard parameter values of time costs are applied to calculate generalised costs and derive the best transport mode alternative for different distances. Then policy implications can be outlined with respect to passengers’ choice of transport mode according to the stated goal of the Norwegian government to get a higher share of passengers using public transport mode. 

The structure of the paper is as follows. Section 2 discusses the importance of travel distance in passenger transport. The empirical data for fares are presented in section 3 and the assumptions for calculating time costs are given in section 4. Then, generalised costs for different transport modes are derived and analysed in section 5. Finally, section 6 gives the conclusions and implications. 
2. The importance of travel distance on the demand for transport 
Transport service is a normal good with a falling demand curve with respect to price (see e.g. Hensher and Brewer, 2001). Studies looking at the influence of fares on demand indicate elasticities in the short run on -0.4 and in the long run around -1 (Paulley et al., 2006). However, it is assumed that a rational passenger will not only consider fares but also assess all other factors that influence the total price of the trip and then choose the transport mode which gives the lowest generalised costs. 
The passengers generalised costs (total price) for a trip, G, presented in equation (1) is the sum of pecuniary costs, P, and opportunity costs of elapsed time, KT (Gronau, 1970). The pecuniary costs, P, are tangible expenses like fuel, toll and fares. Time has a price and alternative use which implies that passengers’ time spent on board a vehicle could be allocated to other activities and has an alternative usage that can be given a pecuniary value (Becker, 1965; Bruzelius, 1979).  These are intangible costs and comprised of the price of time, K, and a measure of the elapsed time, T. 
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Travelling distance influences both supply and demand in the market of passenger transport. For the transport company, it reasonable to assume that increased distance gives higher costs. In addition to paying higher fares when distance increases, a passenger spends more time on the transport mode. This increases G presented in equation (1) and reduces the demand for trips. The influence on time costs of changes in distance is not constant over distance and the analysis will accompany the recommendations of the Norwegian Directorate of Roads (2006) suggesting a separation between short and long trips with a threshold value of 100 kms. How travel distance influences the combination of fares and time costs (generalised costs), depends on the functions. The applied specifications are based on linear functions, as in Gronau (1970), or squared functions. 
2.1. Fares

With the costs and demand characteristics as a basis, the fare scheme is designed to maximize the underlying objective function of the company or the transport authority. For example, it is reasonable that transport companies set fares according to profit maximization while transport authorities to a greater extent seek to maximize the welfare of the society. Generally, the larger weight put on profit compared to consumer surplus, the higher are the fares for any distance (Jørgensen and Preston, 2005). Additionally, as discussed for bus transport by Nash (1978), companies and transport authorities could maximize other objectives than profit and social surplus. For example, Mathisen (2003) consider goals relevant for managers such as sales and number of passengers when deriving the relationship between fares and travel distance. Jørgensen and Preston (2005) have addressed how fares are related to travel distance and management objectives using two types of objective functions combined with three types of demand functions and find that the relationship between fare and travel distance depends on the specifications of the functions and is not necessarily positive. 
The following analysis of fares and travel distance will however focus on studying the current fares independent of management goals. Using a squared function specification, the pecuniary costs are defined in equation (2) and represents how fares on public transport services and payable costs on private transport modes such as the car develop with respect to distance. 
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Equation (2) specifies that the pecuniary costs for transport mode i, Pi, are related to trip distance measured in kilometres, D, where i = {air high regulation, air low regulation, bus high regulation, bus low regulation, fast craft, ferry, car, rail} as described in section 3.1. The parameter α0 is a distance independent element and can be interpreted as the minimum fare. The positive parameter α1i gives the linear increase in fares with respect to distance. Finally, α2i is the coefficient of the squared distance and indicates the curving of the relationship between fare and distance. The increase of the fares with respect to distance will be concave if α2i < 0, linear if α2i = 0 and convex if α2i > 0. 
2.2. Time costs

Time costs, KT, can be divided in subcategories for different parts of a trip in order to get a higher degree of detail in the analysis. If all time costs related to a trip is considered, also passengers’ inconvenience of waiting and walking should be given a value. In a study of the demand for public transport services Balcombe et al. (2004) uses the categories “in-vehicle time” (IVT) and “out-of-vehicle time” (OVT) for the time spent riding the vehicle and walking/waiting, respectively. Both the British experiences referred in Balcombe et al. (2004) and recommendations by the Norwegian Directorate of Roads (2006) indicates that the OVT should be given weight about 40 – 80 per cent higher than IVT. 
Let a passenger using transport mode i have time costs for a trip, KTi, represented by an increasing function of distance, D, as defined in equation (3). The passengers’ price per hour, K, is independent of distance and given extra weight to consider the inconvenience related to walking and waiting when multiplied by the OVT. Total time costs related to OVT for a transport mode i is independent of distance and represented by the constant β0i in equation (3). IVT is derived by dividing distance, D, by the average speed per hour of transport mode i, Si. Hence, IVT will increase if distance, being the numerator, increases and decrease if speed, being the denominator, increases. The time cost of IVT is derived by multiplication with price per hour, K. This term can be rephrased to K divided by Si which represents the time costs per kilometre on transport mode i and defined as β1i in equation (3). 
 (3) 
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Time costs in equation (3) are, in contrast to equation (2), assumed to increase linearly with distance. This is reasonable because both price per hour, K, and average speed, Si, are relatively independent of distance within the categories of short and long trips. The variation in K is determined by factors like travel purpose and income. For example, a passenger travelling in business could be considered to have a valuation of time equal to his marginal productivity represented by his payment plus social expenses and overhead (Button, 1993) which is independent of travel distance. 
It is reasonable that that average speed is higher on longer trips because of less congestion and fewer stops. The main variation in average speed is considered by studying short and long trips separately with constant values within each category. For example, assuming equal distance between stops, a passenger riding a bus within a city will experience very limited change in average speed by riding the bus one more stop.
2.3. Generalised costs
Both fares, Pi, and time costs, KTi, are assumed to be a function of distance, D, and varying between transport modes. The generalised cost related to transport mode i, Gi, is derived in equation (4) as the sum of pecuniary costs and time costs and depending on distance. 
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Equation (4) also gives the first- and second order derivatives of the generalised costs with respect to distance. A positive first order derivative indicates increasing generalised costs with respect to distance. The curving is convex if the second order derivative is positive and concave if negative. Based on the first order derivative and the assumption that both α1i and β1i is positive, it is clear that generalised costs are always increasing with distance if α2i is positive. If α2i is negative, the generalised costs will increase with distance at a declining rate until a maximum at 
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. Even though not likely, this indicates the possibility of reduced generalised costs with distance if the concave element is large enough compare to the sum of the linear elements of fares and time costs. 
Fares and time costs relative share of generalised costs will change over distance. This is demonstrated with empirical data in section 5.2 using the time costs share of generalised costs. Principally, the element with largest increase with respect to distance will increase its relative share. However, the squared functional form makes the increase in fares with respect to distance to vary over distance. It is thus possible that time costs increases its share up to a maximum at a certain distance followed by a decreasing share for longer distances.
3. The relationship between fare and travel distance - empirical review

Many studies focusing on fares are calculating their influence on demand using elasticities (Balcombe et al., 2004). However, the empirical experiences of fares development with respect to travel distance are limited. Based on observations of relationships between full price fare and travel distance, some Norwegian studies have presented estimates of fare schemes: Kolstad and Solvoll (2000) for regulated bus services, Bomstad and Mjøs (2002) for rail and regional air transport and Mathisen (2003) for bus and air transport with low degree of regulation.  

Some underlying assumptions about the estimated fare schemes should be specified. First, the observed fares are ordinary full price fares. Second, the variable D represents the distance in kilometres experienced by the passenger onboard the vehicle, whether it is by road, direct line by air or sailing lane by sea. When comparing the distance between two locations using different transport modes, the distance by road will (usually) be longer than the straight line distance by air. Third, some transport modes carry both goods and vehicles in addition to passengers, but this survey considers passengers only. Fourth, some of the referred studies present squared or logarithmic fare functions in addition to the linear relationship but only the estimates with the best overall properties are used. Finally, it should be noted that the studies are carried out at different years ranging from 2002 to 2006. In order to ensure comparability the estimated fare schemes coefficients have been adjusted to 2005 average prices using the consumer price index (Statistics Norway, 2006). 

3.1. The studied transport modes

Air transport, bus, fast craft vessel, ferry, and rail are the five different public passenger transport modes to be addressed in the study. Two of the transport modes, air and bus, are studied under both high and low regulation. Furthermore, when including the most common alternative to public passenger transport, the private car, the analysis comprises eight transport modes. 
The transport modes are given self explaining abbreviations followed by H for high regulation and L for low regulation were needed. Fast boat, ferry and rail are never or rarely found to operate low regulated services in Norway. The degree of regulation is considered to be high if the transport authorities set the fares. Companies able to set the fares freely are usually not receiving subsidies and are generally in a less restricted position for taking own decisions and is defined to operate under low regulation. It is reasonable that travel distance explains most variance in fares in regulated markets because the transport authorities usually promote equality and fairness for all passengers rather than considering characteristics of the demand to increase revenues.
Air transport is operated both on commercial and subsidised basis in Norway. The highly regulated air transport services in the rural areas of Norway has been studied by Bomstad and Mjøs (2002). They studied 83 services operating 23 regional airports in the north of Norway. This selection is likely to be representative for all regulated air transport services in Norway because it considers the major operator and the area with the majority of regulated air transport services. These regulated services are operated by small planes and has a different cost structure than the larger planes running commercial services. Empirical observations of the relationship between fare and travel distance for low regulated, and commercially operated, air transport are given by Mathisen (2003). These results are based on 65 services between the 17 main airports throughout the country. 
Bus services are also operated on both commercial and subsidised basis in Norway. Kolstad and Solvoll (2000) analysed the regulated bus services in Norway and has estimated the fare scheme for a representative county. Mathisen and Solvoll (2006) carried out a follow up study and estimated fare schemes on a national basis and these are the results used in the later analysis. The estimated national fare scheme is an unweighted average of the strictly regulated distance or zone based fare schemes from 17 of the 19 counties of Norway. Although most bus services are highly regulated, there are express buses operating inter-city services on commercial basis. Mathisen (2003) studied the commercial bus services and estimated a fare scheme based on 177 observations throughout the country which was approximately 25 % of the population at that time. 
Fast craft vessels are high speed catamarans used for passenger transport in nine of the nineteen counties of Norway. Because this transport mode mostly operates in rural areas and requires substantial subsidies, it is regulated by the local transport authorities. Fares are publicly available and distances between ports follow the sailing lanes. The 260 observations concern the year 2004 and was gathered for the purpose of this paper.  

Ferries served 131 crossings with about 20 million passengers in 2004 (Jørgensen et al., 2005). This transport mode operates mostly in rural areas and requires substantial subsidies. The Norwegian Directorate of Roads regulates the ferry industry and has implemented a national ferry fare scheme which is used in this paper. 

Private car costs are relatively high in Norway compared most to other countries because of high taxes. Still, the private car provided about 80 % of the total number of passenger kilometres in 2002 (Statistics Norway, 2003). Calculations made by the special interest organisation for road transport in Norway indicates that the average cost for travelling one km using a medium sized car is about 4 NOK (Opplysningsrådet for Veitrafikken, 2006). This represents the long-run marginal cost and considers all costs as variable. Other costs like parking, toll stations or ferries are not included. When accounting for the costs of holding a car that is relevant for behaviour it can be argued that only variable costs like fuel, tires, oil and maintenance should be included because other costs like depreciation, insurance and governmental tax are approximately independent of distance. The variable cost according to the definition above, representing the short-run marginal cost, is 1.50 NOK per kilometre. 
Rail transport is highly regulated in Norway and receives substantial subsidies from the State. Bomstad and Mjøs (2002) have studied the pricing of services provided by the state owned monopolist operator and estimated a fare scheme. The results are derived from a random sample of 253 services between 23 railway stations on two transport corridors. Recently, railway transport has been considered for privatization and exposure to competition has been initiated by the use of competitive tendering on one transport corridor (Gjøvikbanen). 

3.2. Fare scheme estimates

Table 1 show descriptive statistics and the relationships between fare and travel distance for different transport modes in 2005 prices using OLS regression (t-values in brackets) or average values. The fare schemes are estimated according to the fare function in equation (2) and give the fares in NOK1 for a transport mode i, Pi, at a given distance in kilometres, D. According to the discussion in section 2, a squared element with respect to distance is included if it is significant and improves the properties of the function. The R2 shows that almost all variance in fares are explained by distance. This is particularly the case for the ferry industry where fares are set by the transport authorities to increase linearly with distance. Additionally, Table 1 presents the year the transport mode was observed, the number of observations and minimum and maximum values for the observed fares and distances measured in NOK and kilometres, respectively. 
Table 1 about here 
Table 1 enables the comparison of the relationship between fare and travel distance for the two transport modes found to operate under both high and low regulation. Travel distance explains, according to adjusted R2, a large portion of the variance in fares both in high and low regulated markets. It is interesting to observe that the companies able to set the fares freely have almost the same close relationship between fares and travel distance as companies with regulated fare schemes. The low regulated air transport companies set the fares more freely compared to bus and depend a little less on travel distance.

The high t-values and R2 indicates that the linear or squared functions presented in equation (2) gives a good approximation of the relationship between fare and travel distance. For example, the full fare for air transport, PAIR-H, can be interpreted as a cost for the passenger of NOK 269 to enter the plane (α0) with an additional cost of NOK 5.42 for each kilometre travelled (α1). Table 1 shows that air transport has both highest constant and steepest slope, while car has the lowest constant and rail the flattest slope. The squared element is significant with negative sign (α2 < 0) for low regulated bus and rail. A positive sign (α2 > 0) is significant for ferries, while the other transport modes have linear relationships (α2 = 0). The different fare schemes from Table 1 are graphically illustrated in Figure 1.
Figure 1 about here
Figure 1 shows that fares at a given travel distance differ substantially between transport modes. The fares of the high regulated air transport services has a smaller constant but is increasing more with distance than the low regulated and the two fare scheme estimates intersects at about 250 kms. The other transport modes have relatively similar development in fares with respect to distance, but generally the low regulated bus is the least expensive transport mode. 
There are two obvious weaknesses with the comparison made in Figure 1. First, all the different transport modes are not valid alternatives at all distances. This is indicated by the distance intervals of the transport modes given in Table 1. Car, bus and rail are valid alternatives for both short and long trips and air transport on long trips only. Fast craft vessels and ferries are only alternatives in the coastal areas, but while ferries typically operate short services the fast craft vessels are an alternative also for longer distances. Still, two or more of the studied alternatives are usually present in addition to the car for most trips, at least between the larger cities. For example, public transport over the distance between the two Norwegian coastal cities of Bergen and Stavanger is provided by air, bus, fast craft vessel and rail.
Second, the number of kilometres is not the same for all transport modes when comparing transport alternatives between two locations. In the previous example of transport between the cities of Bergen and Stavanger, the distance is 180 kms by road and 156 kms by air. 
4. Passengers’ time costs with respect to distance
In practice, both OVT and IVT vary between individuals. The calculations will not consider the heterogeneity of the passengers with respect to time costs but rather derive the best transport alternative for a passenger with a given price per hour, K. The time costs of OVT and IVT is calculated by multiplication with time costs per hour with an extra weight of 50 % given to OVT because of the inconvenience of waiting. 
4.1. Time and average speed  

Table 2 present average speed and OVT for the different transport modes and is distinguishing between short and long trips at the 100 km threshold value recommended by the Norwegian travel surveys (Denstadli et al., 2006; Directorate of Roads, 2006). Air transport is not included with short trips because they rarely are shorter than 100 kms and ferries are not included with long trips because there are no crossings longer than 100 kms. 
Table 2 about here

The average speeds for the transport modes given in Table 2 are based on schedules and relevant studies. It is reasonable to assume that average speed is higher on longer trips than on shorter trips because of less congestion and increased distance between stops outside the city centres. These differences are considered by separating the linear estimations between short- and long trips. Both for low and high regulated air transport, speeds are determined according to the schedule for 6 major services originating from the largest airport. Similarly, speed for fast craft vessels and ferries are averaged from the schedules. Estimates of bus average speed under different types of traffic are based on Samstad et al., (2005). Over the day, the private car will have an average speed somewhat higher than bus on short trips. According to Hanssen (2006), the speed limit is a good measure of actual speed of private cars on long trips. Even though the average speed limit is about 80 kms per hour on Norwegian highways, it is recommended to use a lower average speed because of slip roads, traffic lights and other delaying factors. Finally, rail average speed in different transport corridors is presented in a report analysing the transport corridors in Norway (The Ministry of Transport and Communication, 2003).  

The OVTi in Table 2 is determined by assumption and ranked according to the following sequence: Air > Rail > Ferry > Fast craft > Bus > Private car. OVTAIR-L and OVTAIR-H are based on check-in time and transport time to airports for a passenger with hand luggage only. OVTRAIL is lower than OVTAIR-H/L because the average transport time from home to the railway station is lower and there is no need for check in. OVTFERRY is based on an analysis of observed waiting time in queue for 45 Norwegian ferry services (Asplan Viak, 1995) and OVTFAST is based on the common routines for embarking the fast craft vessels. OVTBUS-H is lower than OVTBUS-L because the high frequency of the highly regulated bus services provided in the cities reduces the waiting time compared to the long distance routes which is less strict regulated. Finally, OVTCAR is assumed to be the most flexible transport mode with virtually no time required for waiting and walking. 
4.2. Money values of time 

The data from Table 2 can be transformed into the parameters β0 and β1 according to equation (3). This linear specification describes how time costs, KT, depend on the values of price per hour, K, and distance, D. The money values for IVT can be derived from travel surveys. Norwegian experiences is based on a time valuation study by Ramjerdi et al. (1997) which made the basis for the time costs recommendations with respect to travel distance, travel purpose and transport mode in Killi (1999) and updated in Samstad et al. (2005). 
The heterogeneity of passengers on different transport modes is apparent in the recommended valuation of time. Passengers travelling by bus reports, according to Samstad et al. (2005), a price per hour on about one third compared to the passengers of air transport. Business trips have the largest variation in time valuation between transport modes, but also commuting and leisure trips involves considerable differences between transport modes. An approximate valuation of hourly costs for a business passenger can be indicated by the average monthly wage of a full time industrial worker, which is a common reference wage in Norway. The monthly wage was NOK 28 900 in 2005 (Statistics Norway, 2006) which, assuming 40 hour working week, derives a price per hour on about NOK 180. This valuation is reasonable compared to the time valuation studies of Killi (1999) and Samstad et al. (2005) and represents the parameter K for business passengers. 
5. Generalised costs

When using equation (4) to combine the fare schemes in section 3 and the basis for time costs in section 4, the generalised costs can be derived for passengers making trips with different transport modes over different distances. The derived generalised cost functions show that rail and low regulated bus (with the negative squared element) are concave while ferry is convex (with a positive squared element). All other studied transport modes represent linear increase of generalised cost with respect to distance. 
5.1. The generalised costs for short trips
Figure 2 illustrates the generalised costs on a short trip for a business passenger with a price per hour on NOK 180. The variation in generalised costs between transport modes is considerable. Because an average passenger differs among the transport modes, it is difficult to define clearly which transport mode is preferred on a given distance. However, the private car has costs lower than any public transport service for all distances and makes about 40 % of the generalised costs by bus for the average travel distance on 11.1 kms (Denstadli et al., 2006). Bus is the public transport mode providing lowest generalised costs for distances shorter than 15 kms and the fast craft vessel is the best alternative for longer trips up to 40 kms. Rail is preferred over bus for trips longer than 20 kms and is the best public transport mode above 40 kms. 
Figure 2 about here 
The intersections between the generalised cost curves of the different transport modes change for different values of price per hour, K, but the private car gives the lowest generalised costs for all values of K on short trips. Toll or parking fees will give the generalised cost curve for the private car a positive parallel shift and increase the competitiveness of the public transport modes. A reduction in the value of K makes the bus a more attractive transport mode and increases the intersection distance with rail. Also, the fast craft vessel becomes less attractive compared to the other transport modes when K increases. Oppositely, an increased value of K makes faster transport modes more attractive and bus and rail curves intersect with each other at lower distances. The relationships between the other transport modes are relatively independent of K. 
5.2. The generalised costs for long trips
Figure 3 shows the development of generalised costs with respect to distance for passengers on long trips. According to the definition of long trips, Figure 3 starts at 100 kms. With a price per hour on NOK 180, the private car has lowest generalised costs for distances lower than 360 km, marked with intersection A, and rail is the preferred transport mode for longer distances. 
Figure 3 here
Because of the high speed, air transport becomes a better alternative when K increases and is the preferred transport mode for distances longer than 500 kms if the value of K is doubled. The intersection distance where rail gives lower generalised costs than the private car is decreasing with K. 

Air and sea are not the preferred transport modes for any distances at the given value of K. Still, fast craft vessels and ferries are often used of necessity because they operate in areas with difficult accessibility and are the only real alternative for many passengers. The use of air transport despite the high generalised costs can be explained primarily by three factors. First, the calculations are based on average price per hour and passengers with higher time costs will find air transport more attractive because of the high speed. Second, air transport could simply be the only real alternative transport mode for some long distance trips. Finally, the distance dependent element of the fares must be adjusted to consider that distance between two locations is generally lower by air than by road. An example of the actual distance for land and air based transport can be derived by applying a 30 % average detour add-on for transport by road compared to air transport. A trip between two locations with 100 kms direct distance by air is thus compared with 130 kms distance by road. This adjustment makes road transport relatively less competitive and at the price per hour on NOK 180, low regulated air transport becomes the preferred transport mode for long trips above 500 kms.  
5.3. The composition of generalised costs with respect to distance

The different constants and increasing slopes of time costs and fares makes the ratio between fares and time costs, (P/KT), and the time costs share of generalised costs, (KT/G), change with distance. If fares increase linearly, time costs share of generalised costs will move towards an asymptote equal to the relative share of the increasing elements. If fares have a negative squared element, the time costs share will always increase with respect to distance because the fares will have a relative reduction in the slope compared to time costs. Oppositely, when fare functions have a positive squared element the time costs share will eventually decline for longer distances. Figure 4 shows the time costs share of generalised costs for different transport modes on short trips. The time costs share approaches an asymptotic value which is about 70 % for rail and fast craft vessels, 75 % for private car and about 87 % for bus and ferry. 

Figure 4 about here
Figure 5 show that time costs approximate share of generalised costs for long trips is relatively stable with respect to distance and approximately 15-20 % for air transport and 60-80 % for other transport modes. Even though time costs makes a small part of the generalised costs for air transport, the pecuniary value is still relatively high compared to the other transport modes because both time costs and fares are high. According to the fare functions in Table 1, time costs share increases with respect to distance for rail and low regulated bus transport while the other public transport modes converge towards the asymptotic value. 
Figure 5 about here
6. Concluding remarks

Travel distance is an important factor when determining the fare level for public transport. The relationship between fares and travel distance depends on underlying objectives and the cost and demand functions. This paper discusses the influence of travel distance on fares, time costs and generalised costs using linear and squared functions and analyses empirical data of these relationships for different transport modes in Norway. Consequently, generalised costs with respect to distance is derived for five public transport modes with high degree of regulation and two public transport modes with low degree of regulation. Additionally, the most prominent competitor for most public transport services, the private car, is included in the analysis for comparison purposes.
A comparison of the estimated fare schemes for the different transport modes show that air transport has considerably higher fares than the other transport modes while the low regulated bus services generally are the least expensive transport mode. For all transport modes except air transport, time costs make the major part of the generalised costs.
Presuming that all transport modes are valid alternatives on a trip, separate calculations for short and long trips based on given price per hour, vehicle speed and time costs per hour gives indications of the generalised cost curves. For short trips, the private car has the lowest generalised costs for all distances and for all values of time. According to the assumptions of fares and time costs for long distance trips, the private car is the best alternative for distances up to 350 kms followed by rail for longer distances. If the price of time is higher valuated, air transport will be more attractive because of its high speed. 
The comparison of generalised costs confirms that a rational passenger will use the private car for most trips. It has been stated by the Norwegian government that a higher share of the passenger transport services should be performed by public transport modes. This can be achieved by increasing the generalised costs of car use considerably by for example introducing road pricing or increasing variable costs like fuel. Such a strategy would require a discussion of the possible wealth distribution consequences. Because the time costs are the clearly most import part of the generalised costs, the same effect can be achieved by taking initiatives to reduce the time costs of the public transport modes compared to the private car. 
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Tables 

Table 1 – Descriptive data and the relationship between fare and travel distance for different transport modes (2005 prices)

	Transport mode
	Fare scheme
	Adj.R2
	Year
	N
	Range (min.-max.)

	
	
	
	
	
	Fare (NOK) 
	Distance (kms)

	Air – 

high regulation
	PAIR-H = 269 + 5.42∙D 

             (5.9)   (30.4)
	0.919
	2002
	83
	446–2806
	37–460

	Air – 

low regulation
	PAIR-L = 1 402 + 1.58·D 

             (13.2)   (16.2)
	0.731
	2003
	65
	1098–4356
	57–2092

	Bus – 

high regulation
	PBUS-H = 23 + 1.32∙D 
	a
	2006
	1112
	19–1043
	3-693

	Bus – 

low regulation 
	PBUS-L = 20 + 1.32∙D - 0.0004·D2

             (3.6)  (27.2)       (-4.2)
	0.963
	2003
	177
	29–785
	8–720


	Fast craft vessel
	PFAST = 25 + 2.20·D 
          (12.3) (109.0)       
	0.979
	2004
	260
	25–570
	4–246

	Ferry
	PFERRY = 17 + 1.20·D + 0.0002·D2

           (155.3) (170.0)    (5.8)
	1.000
	2006
	113
	19–158
	1–113

	Private car
	PCAR = 1.50·D 
	b
	2006
	b
	b
	b

	Rail
	PRAIL = 45 + 1.55·D - 0.0006·D2 

         (22.0) (166.1)    (-71.2)
	0.998
	2002
	253
	52–1030
	8–1156


a Averaged from individual fare schemes for 17 Norwegian counties, adj. R2 approx. 0.98.  
b Average variable cost per kilometre 
Table 2 – Average speed and time costs on average trips (2005 prices)  

	Transport mode
	Average speed
	OVT

	
	Short trips (<100 kms)
	Long trips (>100 kms)
	

	Air - low
	–
	400 km/h
	60 minutes

	Air - high
	–
	250 km/h
	60 minutes

	Bus - low
	20 km/h
	55 km/h
	15 minutes

	Bus - high
	20 km/h
	55 km/h
	10 minutes

	Fast craft
	40 km/h
	40 km/h
	20 minutes

	Ferry 
	20 km/h
	–
	15 minutes

	Private car
	35 km/h
	70 km/h
	1 minute

	Rail
	50 km/h
	80 km/h
	30 minutes


Footnotes 
1 Currency rates at 30th April 2007: 1 € = 8.13 NOK, 1 $ = 5.97 NOK 
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Figure 1 – The relationship between fare and travel distance for different transport modes 
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Figure 2 – Generalised costs for different transport modes on short trips for a passenger with a price per hour on NOK 180
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Figure 3 – Generalised costs for different transport modes on long trips for a passenger with a price per hour on NOK 180
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Figure 4 – Time costs share of generalised costs on short trips for a passenger with a price per hour on NOK 180
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Figure 5 – Time costs share of generalised costs on long trips for a passenger with a price per hour on NOK 180
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