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Abstract 

A fundamental issue in public transport system, whereas it exhibits economies of scale, is how to 

increase patronage in order to improve its economic efficiency. Most public transport systems are operated 

under the average cost pricing scheme with a certain amount of subsidy. It is therefore an important problem 

how to increase patronage in the regime of average cost pricing, possibly with a certain limited subsidy? This 

research examines the practices and their economic mechanisms of increasing patronage by applying 

nowadays information and communication technologies (ICT) as tools for implementing advanced pricing 

schemes in public transportation systems. We further propose a novel strategy of grouping passengers for 

promoting public transit use.  

 

1. Introduction 
 

Under proper conditions, the optimal use of public transportation systems can be realized by adopting 

marginal cost pricing (MCP). There usually exist economies of scale in public transit systems due to which 

the marginal cost pricing brings about a deficit to the transit operator. In practice, public transit fares are 

usually set at a level between marginal and average costs. In reality, profitable public transportation systems 

are usually regulated by the government so that the profits are limited to the return on capital prevailing in 

the country. There are also many public transit systems which do not have enough patronage to make profit 

and have to obtain subsidies from government. In both cases, the practical pricing scheme can be looked as 

average cost pricing, with perhaps a sum of subsidy from government. Under such a practical situation, 

strategies to increase the patronage under the average cost pricing regime become essential. See 
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Transportation Research Board (1999 a, b), Taylor et al. (2002), and Nuworsoo (2004) for the methods for 

increasing the use of public transit.  

There have been various pricing strategies applied for the purpose of promoting the use of public transit 

and increasing revenues for the operators (see Section 3.1 for a brief survey of some practical cases in Japan). 

Nowadays information and communication technologies (ICT) have greatly increased the potential of 

implementing more sophisticated pricing schemes for such a purpose.  

The use of ICT, e.g., smart cards (IC cards), mobile phones, for public transit payment has other important 

effects for improving the efficiency of public transit systems. For example, smart cards or mobile phone 

payment reduces the time loss in buying tickets, and improves the convenience of riding public transits. The 

use of these ICT devices also makes it possible to collect more accurate data on passenger’s behavior in 

riding the public transits, thus enables the design of more effective transportation policies (see Pelletier et al. 

2011).  

This research is focused on the possibility of applying ICT as tools for implementing advanced pricing 

schemes. In next section, the theoretic aspects of public transit pricing are surveyed. The effect of passenger 

grouping on the use of public transit is investigated. In Section 3, both conventional pricing schemes and 

new schemes based on ICT in public transit systems are described. The economic mechanisms of these 

pricing schemes are explained based on the theory reviewed in Section 2. In Section 4, some novel pricing 

schemes by making use of ICT will be proposed. Some concluding remarks and topics for future research 

will be given in Section 5.  

 

2 Theoretical Aspects of Transport Pricing 

 

2.1 Pricing under Scale Economies 

 

Due to the huge fixed costs necessary for building and maintaining the infrastructure and rolling stocks, 

public transportation systems usually exhibit economies of scale. In Figure 1 is shown the graph for the 

relationship of per passenger kilometre operating cost (including depreciation) with passenger kilometres 

travelled, for 115 railway firms and public corporations in Japan (selected by excluding firms with 

extraordinarily high operating cost; the Japan Railway group firms are also excluded), for the fiscal year 

2016 (April 2016 ~ March 2017). In Figure 2 is shown the relationship of per passenger kilometre operating 

cost (including depreciation) with traffic density (million passengers per operation track kilometre, per year). 
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From the figure it can be observed that there exist outstanding economies of scale in these railways. If we 

exclude from the operating cost the depreciation cost, which changes irregularly year by year due to 

accounting consideration, the economy of density becomes clearer, as shown in Figure 3. 

 

    
Figure 1. Operating cost (Yen) per passenger-km vs. scale (billion passenger kilometers).  

Source: “Statistical Yearbook of Railway Statistics”, Railway Bureau, and Policy Bureau, 

Ministry of Land, Infrastructure, Transport and Tourism, 2017, Japan. 

 

 
Figure 2. Operation cost (Yen) per passenger-km vs. density (million passengers per operation 

track kilometre, per year).  

Source: ibid 
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Figure 3. Operation cost (Yen, with depreciation cost excluded) per passenger-km vs. traffic density 

(million passengers per operation track kilometre, per year).  

Source: ibid. 

 

In some researches (e.g., Savage 1997), it is found that there exist economies of density in public transit 
systems, but the return to scale may be constant. Once the public transit network is fixed, scale is equivalent 
to density. Therefore, even for these cases, as long as we are concerned with the pricing issues for a transit 
system with its network structure given, we may consider that there still exist economies of scale.  

When unregulated, a natural monopolistic railway company’s profit maximizing behavior results in a 
pricing regime where the marginal cost equals the marginal revenue. Traditional regulation policy requires 
that the price is set equal to the average cost, which contains a certain fair return of capital invested in the 
transport system (the average cost pricing principle, ACP). However, under some conditions, the best pricing 
regime that maximizes the social welfare (consumer’s surplus plus producer’s surplus) is the marginal cost 
pricing which sets the price equal to marginal cost.  

In the case where economies of scale exist, the MCP is lower than ACP thus brings about a deficit to the 
transport service provider. Given a budget constraint, a mark-up inversely proportional to the elasticity of 
demand should be added to the price beside marginal cost, if the only the operation efficiency is to be 
achieved. This is the well-known Ramsey pricing principle (see Baumol and Bradford, 1970).  

The origin of economies of scale in transport systems can be attributed to the huge initial investment in the 
construction of infrastructures. A pricing regime for achieving same efficiency as MCP while collecting 
sufficient revenue covering the full cost is the two-part pricing which levies a fixed part of tariff and collects 
another part of tariff according the usage of the transport system. This can be extended to general nonlinear 
pricing schedules according to the characteristics of the system.  
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2.2 The Economies of Grouping 

 

The demand-supply relationship also depends on the composition of the demands. Large group of 

passengers may face a supply price curve different from that of an individual passenger. Suppose that there 

are m groups each with an identical collective transit travel benefit function  
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AC and the MC curves (Figure 4).  

 

Figure 4. In general, the curve ii qTC  lies in between the AC and the MC curves. 

This fact suggests that the grouping of passengers may improve the efficient use of public transit systems. 

See Ying (2007) for more details on the implications of grouping of passengers in the design pricing schemes. 
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In order to reflect the cost structure related to group travel demands, a pricing scheme that offers discounts to 

groups of passengers is necessary. Indeed, group discounts are popular in public transit systems in the world.  

 

2.3 Grouping in the Dimension of Frequency of Transit Use 

 

Suppose that there are N passengers, each passenger uses the transit system Fi times during T time slots, 

i=1,…,N. Suppose that the uses of transit for the passengers are uniformly and independently distributed over 

the T time slots. Then the average number of passengers at any time slot is ∑ . Thus the aggregated 

demands of individual passengers in the frequency dimension can be converted into that in the group 

dimension. That is, in a transit system with economies of scale, the average cost per trip for an individual 

decreases with the frequency he/she uses the transit system.  

 

  

  

 

 

 

Figure 5. Grouping in the dimension of frequency of transit use.  

 

2.4 Capacity, Time Varying Demands, Uncertainty and Pricing 

 

As have been seen earlier, there exist outstanding economies of scale in public transit systems in the long 
run. However, the utilization of a transport system is changing across different seasons, different days of the 
week and different time of the day. Given the capacity of a transportation system, which depends on long 
term investment, travel demands at the peak periods may be too large and may cause overuse of the system. 
The capacity constraints for some transportation systems are “soft” in the sense that the overuse of the 
system can be characterized by a cost function increasing with demands, that is, a function reflecting the 
congested state of the system.  

The marginal cost pricing, as applied to the case where congestion is dominating, is equivalent to the so 
called peak load pricing, which charges the user the average cost plus a congestion tax equal to the difference 
of marginal cost and average cost.  

Still, there usually exhibit economies of scale in the short run at off peak periods. In order to realize 
efficient use of such a public transit system, it is important to design time varying fares on the system.  
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The capacity of transportation system may sometimes impose a “rigid” or “hard” constraint, in the sense 
that overuse is not possible. Airlines typically have hard capacity constraints. For some long distance railway 
transportation, the capacity constraints on the number of seats can also be hard. The hard capacity constraints 
of transportation systems, together with the uncertainty of travel demands, raise the need of advance 
purchase (see, e.g., Dana 1999).  
 

3. Practical Nonlinear Pricing Schemes 
3.1 Conventional Nonlinear Pricing Schemes 

Besides ordinary tickets for using public transits, there have been conventionally various types of fare 

systems that have a nonlinear characteristic. The most important types are the student passes and commuter 

passes (monthly, quarterly, etc). This type of tickets lies in the opposite extreme to the ordinary single ticket 

systems: the pass holders pay only a fixed amount of money and the marginal expenditure is zero, while 

ordinary ticket passengers pay only a variable part.  

In the urban railway systems in Japan, in general, while the pass holders share a larger part both in trips 

and in kilometers travelled, they pay a smaller part of total fare than single ticket passengers. For the 115 

Japanese railway firms and public corporations mentioned in Section 2, the pass holders share 60.3% in 

passenger kilometers travelled, but they pay only 39.9% of the total fare revenue (calculated from the 

“Statistical Yearbook of Railway Statistics”, Railway Bureau, and Policy Bureau, Ministry of Land, 

Infrastructure, Transport and Tourism, 2017). In Table 1 is shown the composition of passenger 

transportation output and revenues of a typical urban railway firm: Nagoya Railroad Co., Ltd., a major 

railway operator in the Nagoya metropolitan area, in the financial year of 2016.4~2017.3. The ordinary ticket 

passengers traveled 30.6% of the total kilometers, but paid 55.8% of the total fare. 

 

 

 

passenger km 

(million) 

trips  

(million) 

revenue 

 (¥million) 

Pass holder commuter 2,829.1  

(40.4%) 

155.5 

(41.0%) 

30,904.1  

(35.8%) 

Pass holder student 2,029.5  

(29.0%) 

100.3   

(26.5%) 

7,218.1  

(8.4%) 

Ordinary ticket passenger 2,143.0  

(30.6%) 

123.1  

(32.5%) 

48,121.3  

(55.8%) 

Table 1. The composition of passenger trips, kilometers traveled, and revenues by categories of 

Nagoya Railroad Co., Ltd. in financial year 2016~17.  

Source: “Statistical Yearbook of Railway Statistics”, ibid. 
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Railway operators also sell books of tickets with a certain depth of discount. For instance, the price of a 

single ticket of Nagoya Railroad for Gifu city to Nagoya (about 32 km`s distance) is ¥570, the price of a 

30-ticket book is ¥12250, a discount rate about 28.4%.  

(Source: Nagoya Railroad Co., Ltd. https://www.meitetsu.co.jp/train/ticket_fare/index.html) 

There are also group tickets, with various rates of discount, for passenger groups. For example, Nagoya 

Railroad sells group tickets with discount rates ranging 10%~30% for groups with no less than 25 passengers. 

The discount rates for student groups are higher, with the largest rate 50%.  

The three typical types of discounts can be expressed as the diagrams in Figure 6.  

 

 

 

 

  

 

Figure 6. Diagrams of discount types in the group and the frequency dimension.  

 

The “group discount” is the type of fare discount scheme for a group of passengers to use the railway at a 

specific time slot. The “frequency discount” is the type of discount for an individual person to use the 

railway during a certain range of time slots. The school and commuting passes belong to this type. The 

“group and frequency discount” is the type which allows plural persons to ride multiple times. The 

book-of-ticket fare system belongs to this type. This last type provides a more flexible discounting principle 

to allow passengers to use the transit system.  

 

3.2 Recent ICT Applications in Public Transit Pricing 
 

The function of ICT as a recordable media for payment with non-anonymity, and the information 

processing and communication function, are essential for designing pricing schemes that increase patronage. 

With these functions, ICT provides very flexible methods for implementing various pricing strategies. In 

particular, rechargeable smart (IC) cards have been established as a payment system partially replacing the 

conventional tickets in public transportation systems. The following are some typical schemes for promoting 

massive use of public transit systems, implemented in Japan.  

 

group 
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group and frequency 

discount 

frequency 

discount 



51 
Promoting Public Transit Use by Information and Communication Technologies: 

Economic Mechanisms and a Proposal 
 

  

 

(i) Mileage reward point 

Some operators give the passengers reward points when paying for riding their transit systems by IC 

(smart) cards, which can be exchanged for tickets for later use of the same operator`s transit system.  

For example, the Nagoya Railroad gives the card (named “manaca”) holders reward points with a 

rate that increases with the monthly sum of money spent in riding its trains and with the times of 

riding. The highest marginal aggregated rate can be as large as 14%.  

(https://www.meitetsu.co.jp/manaca/transportation/mileage/index2.html) 

The same “manaca” can be used in other public transit systems, including Nagoya Subway operated 

by Nagoya city, the JR Central railways, etc. However, the reward points obtained in one operator 

cannot be used in other operator`s systems.  

(ii) Corporation with retail and services 

Some most popular smart cards can be used as electronic money, for shopping, etc., in participating 

merchants. The customers purchasing in the participating merchants are given reword points which 

can be used for later purchases and for using public transit systems.   

This reward point system may be considered as an indirect form of grouping passengers.  

(iii) Ticket reservation, advance purchase 

The importance of advance purchase depends on how hard the capacity constraint is imposed on the 

public transit system. In the case of Japan, advance purchase of tickets for long distance trains (e.g., 

the Shinkansen Trains) have become popular recently, although the capacity constraints of trains are 

not really hard compared with that of airlines. A reason for this is that the application of information 

and communication technology has greatly reduced the transaction costs to a degree so that the 

advance purchase becomes beneficial to both the operator and the customers. Another reason is that 

there exists competition between long distance railways and airlines and automobiles, advance 

purchase discounting is used by the railway firms to compete with their rivals and to attract 

passengers with elastic travel demands (Ohashi, 2012).  

  

4. Implementing Advanced Pricing Strategies: A Proposal 
 

  From the above observations, it is seen that ICT has been applied to implement several kinds of passenger 

grouping strategies.  

(i) The first is the reward point scheme for individual passengers to increase their frequency of riding 
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public transits. This may be considered as a grouping mechanism in the frequency dimension.  

(ii) The second is the reward point system that gives customers bonus points in shops and other 

commercial facilities, and may be considered as an indirect weak form of grouping passengers.  

There were also cases where the shops pay for the customers their railway fares to the shops, with 

subsidies from government. These cases may be considered as extreme cases of grouping in the 

spatial dimension.  

 

The second strategy can be extended in several ways. For example, the transit agency and the retail and 

services can cooperate by a scheme illustrated in Figure 7. In this scheme, a retailer buys discounted 

“e-tokens” in bulk from the transit agency, i.e., tokens that can be stored electronically on a transit-shopping 

payment card. The retailer may present the customer with a transit token according to the amount purchased, 

in lieu of a rebate on items purchased in the shop. The retailers can provide their customers with a premium 

at a lower cost. This scheme seems most interesting when there exists a competitive automobile mode for 

customers to come to the shops. Conventionally, shops usually provide parking spaces to customers or pay 

for them the parking fees. The proposed scheme may induce a shift of customers from the automobile to the 

public transit mode. Since this scheme is based on the mechanism exploiting the scale economies of public 

transit system, it could be designed to be beneficial to the shops, the transit agency and the customers.  

 

Figure 7. Organizing passengers through retailers. 

 

Another extension is the grouping of potential passengers belonging to some organizations, for example, 

employees of a firm, students of a university, or residents in a housing complex. The conventional fare 

systems of student passes and commuter passes may be considered to have the effects of grouping passengers 

both in the frequency dimension and the spatial dimension. By applying ICT, it is possible to implement a 

fare scheme lying between conventional seasonal passes and ordinary tickets. For example, a school may pay 
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a lump sum to a transit agency so that the students may use the transit at lower fares. This scheme may also 

be considered as a kind of two-part pricing in the spatial dimension. As smart cards have been used as 

identification cards in practice, it is technically straightforward to implement the proposed pricing scheme.  

In order to balance the traffic over peak and off-peak times, a simple means is to set a higher rate of 

reward points during off-peak time, which can be easily implemented by using smart cards.  

Since the capacity constraints of railways are not rigid, the application of advance purchase and other 

yield management methods in railways may be rather limited (see Link 2004, for a case study of German 

railways). However, from the point of view of competition with rival modes, there is still room for further 

increasing long distance railway passengers by the bundling of travel with its complementary services, such 

as hotel room stays, that is, by implementing a mechanism analogue to the grouping of short distance 

passengers through cooperation with retail and services.  

 

5. Concluding Remarks 
 

This paper examined the economic theoretic aspects of pricing schemes for promoting the efficient use of 

public transit systems. Some typical conventional pricing practices as well as recent practices of applying 

ICT for implementing efficient pricing strategies to promote the efficient use of public transit systems were 

investigated.  

The grouping of public transit use in the spatial and the frequency dimensions is found to be a basic 

mechanism in both theory and practice based on which various nonlinear pricing strategies are designed. 

Based on these observations, some novel pricing strategies are proposed in order to further promote the use 

of public transit systems by applying ICT.  

 

Pricing is important not only as a strategy to promote the use of public transportation system, but also as 

a policy instrument for optimizing the use of the whole transportation network including roads and railways. 

Conventional researches on multimodal transportation network pricing rarely take into consideration the 

detailed pricing strategies applied in public transportation systems (see, e.g., Ying and Yang 2005). The 

integration of conventional transport network pricing theory with ICT based transaction methods for 

transport policy design is an important and interesting topic for future research.    
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