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Abstract

The package approach, consisting of a combination of measures to restrain automobile use while promoting public transport use, is regarded as one of the best forms of urban transport management policy. the package approach is formulated as an optimal pricing problem constrained by a binary mode choice/assignment model integrated with a public transport firm model, which predicts firm responses under a number of urban transport market conditions. The validity of the overall model is examined through numerical analyses.
Keywords: urban transport management policies, binary mode choice/assignment model, MPEC
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1. Introduction
Urban transport management has been implemented in many cities, following a realization that road network investment alone will not solve traffic congestion, global warming, depleting fossil fuels, traffic accidents, etc. Various types of transport measures have been included in urban transport management policy. The package approach, consisting of a combination of measures to restrain automobile use while promoting public transport use, is regarded as one of the best forms of urban transport management policy. The development of an analytical framework for the evaluation of the package approach is the focus of this study.

Urban transport planners require several measures to provide a wider choice of options to combine into an effective and feasible package, which corresponds to each urban transport context. For a given urban transport system, the feasible combinations of measures that can be implemented are limited in the short term. However, it is important to understand the long term properties of combinations of measures to be used with different urban transport market conditions, because this helps provide insight into the impact of future policy changes. Policy making using the package approach is hampered by the absence of empirical evidence of the effects or only partial theories. With this in mind, we have attempted to develop a unified framework to derive optimal policy making for the package approach under different urban transport market conditions. It is the first step for the evaluation of the package approach within a real scale urban transport system.

The several frameworks used to evaluate urban transport management policies are based on binary mode choice/assignment models. These frameworks originate from the investment problem encountered between road and mass transit within a congested urban area. The efficiency of investment is evaluated in an inter-modal equilibrium context with total demand shared between automobiles and mass transit so as to equate the travel costs, provided both are used. As the model shows, improved road facilities can cause travel costs to increase, even if the capacity of the facilities are increased. Conversely, an improvement in public transport can cause travel costs to decrease. The former situation is known as the Downs - Thomson paradox ( Downs, 1962, Thomson, 1977 and Mogridge, 1997). Using the second best pricing constraint with the binary mode choice /assignment model, Miyagi and Suzuki (1996, 1999) analysed the effect of cost sharing between public transport and automobile users in terms of investment in mass transit, for the purpose of improving urban transport management. Ferrari (1999) unified various urban transport modes and measures into a MPEC (a mathematical program with equilibrium constraints).  He applied his model to a numerical simulation of an urban transport system in an Italian mid-sized city.

The structure of the public transport market is an important factor for urban transport management policy because it limits the combination and effects of measures. Most public transport systems have been regulated and operated with subsidies. This causes such markets to lack competitiveness and means that price adjustment would not have sufficient effect. In recent years, regulators have sought to generate competition in public transport through deregulation and/or privatisation policy. Consequently, public transport markets have developed rapidly. These market policies should be taken into account as a part of urban transport management policies.

From the reasons mentioned above, the package approach is formulated as an optimal pricing problem constrained by a binary mode choice/assignment model integrated with a public transport company model, which predicts company responses under a number of urban transport market conditions. The validity of the overall model is examined through numerical analyses. The synergistic effects present between the deregulation of the public transport market, the congestion charging scheme and modifications to financial institutions are also demonstrated by numerical analyses.

2. Analytical model for urban transport management
Baumol et.al. (1982) proposed a contestable market theory to apply to industrial service supply. They showed the possibility of efficient competition in the monopoly /oligopoly market. Although direct implementations of their theory have not succeeded in practical terms, they have been used to reinforce the deregulation of monopoly/oligopoly industrial service supply markets on a global basis. Fernandez and Marcotte (1992) integrated an oligopoly market structure for public transport into a binary mode choice/assignment model and studied the economic equilibrium properties. The behaviour of the public transport company within the oligopoly market was investigated through numerical simulations. The model computes the route setting by public transport companies in equilibrium under oligopolistic competition on a congested road network. 

As mentioned before, models for urban transport management policies which integrated the binary mode choice/assignment model have been formulated by Miyagi and Suzuki (1996, 1999) and Ferrari (1999).  Public transport company behaviour is handled in the optimal urban transport management model in this study. For reasons of simplicity, the urban transport system is formulated as a single O-D pair connected by an automobile link and a public transport link, resulting in the simplest optimal urban transport management model which includes a binary mode choice/assignment model integrated with the behaviour of a monopolistic public transport company.

2.1 Service Supply of Public Transport
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The total cost (TC) for the service supply of the public transport company is represented by the sum of the fixed costs (FC) and variable costs (VC).
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is the service supply of the public transport company.
The total cost function is presumed to satisfy
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and the services are supplied under a natural monopoly condition:
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Furthermore, it is assumed that users cannot consume in excess of the service supply, 
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where 
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is the service consumption. If the company or regulator demand that the service supply cost be minimized, the service supply adjusts the demand:
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If two companies have identical technology in terms of service supply, and demand is represented by a linear function, then the market equilibrium conditions mentioned above are drawn as in Figure 1.  The average cost curve denotes the market service supply curve including an optimal industry configuration, representing a monopoly or a duopoly, to minimize the service supply cost.  The p* and y* show the price and quantity in equilibrium, respectively. In a natural monopoly market, the service supply cost is low in the production of one company compared with simultaneous production of two companies, meaning the demand and average cost curves traverse each other between the area 
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 but also the diseconomy of density 
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 because a simultaneous service supply from two companies is more efficient than the product of a single company. Various duopolistic competitions will occur if no market separation takes place under these circumstances.

Monopoly markets of public transport are classified into the following three categories with respect to regulations, namely:

Monopoly Market: A, 

Regulated Monopoly Market: B and

Contestable Monopoly Market: C 

The public transport company set fares and quantities according to different criteria and corresponding to different market structures.

2.1.1. Monopoly Market: A

Market entry is unrestricted but no company has an incentive to enter the public transport market.  The fare is set by the public transport company in order to maximize profit.
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where the public transport demand 
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 satisfies the solution of the binary mode choice/assignment model corresponding to public transport fare
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Then, the optimal condition for the service supplier is derived as 
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2.1.2. Regulated Monopoly Market: B

The public transport services are supplied by a monopolistic public transport company according to specific fares and quantity decided by a regulator, in order to maximize the social surplus subject to the break-even constraint of the company.
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Then optimal condition for service supplier is represented by
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2.1.3. Contestable Monopoly Market: C

The contestable monopoly market is investigated as an extreme benchmark of deregulation. The regulator guarantees free entrance and exit to/from the public transport market while the incumbent company decides the fare and service quantity to render its own business sustainable, taking into account competition from the latent entrant company. If the incumbent cannot obtain a positive profit, they will exit from the market.  If new entrants enter the market, users will switch to cheaper services. The market equilibrium conditions are formulated under the following conditions in the contestable monopoly market. 
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where upper subscript 1 denotes an incumbent and 2 denotes an entrant.  If sunk costs do not occur upon exit from the market then 
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. From these conditions, the incumbent must set a minimum fare in order to render their own business sustainable. The whole latent demand for public transport service corresponding to the fare is not covered in this situation, since the supply is limited by the company’s rational behaviour under the contestable monopoly market.

The optimal conditions for the service supplier are consequently simplified to
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2.2. Congestion Charge Scheme
It is assumed that the government plans the congestion charge scheme and the total operation cost are defined as the sum of the fixed and variable costs.  The fixed costs relate to the maintenance of the facility while variable costs are incurred by the fare collection process. These costs range widely according to the technology of the adapted scheme.
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 is the number of imposed automobiles.

2.3. Urban Transport Network Equilibrium
In a monopoly public transport market, the service supply does not vary according to public transport demand, by nature, since it has been pre-decided by a public transport company or a regulator to correspond with their own criteria.  Therefore, users’ behaviours on the binary mode network should be formulated to harmonize with the behaviour of the service supplier.

The total demand for travel varies according to the performance of the urban transport system and is defined as a monotone decreasing function of generalized travel cost, 
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All transport users commute by automobile (i=1) or public transport (i=2),
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They choose the cheapest mode and the generalized travel cost between the O-D pair is denoted by
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Each link is statistically independent with respect to cost perception. Travel cost on the link used by mode i is denoted by the generalized travel cost function, which is composed of the fare and travel time in monetary terms:
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Fares are set by a regulator, a local government or public transport companies according to urban transport management policy.

The travel cost function for an automobile user has the following BPR form:
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which take the effects of congestion on delay into account.

The travel cost function for a public transport user is characterized by the following equations:

[image: image49.wmf]î

í

ì

>

¥

£

£

=

.

,

0

,

2

2

2

2

2

S

q

S

q

const

t

                                                 (9)

The public transport services are demanded within the service supply, with Figure 2 or 3 illustrating the share when the service supply constraint is (b) or is not (a) active. The automobile travel cost is drawn as a monotone increase function while the public transport travel cost is shown as a continuous fixed cost below service supply 
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, the urban transport system is in equilibrium as in Figure 2. On the other hand, if the latent number of public transport users exceeds 
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, the urban transport system is in a situation of constrained equilibrium with the service supply as illustrated in Figure 3.  In the latter situation, the travel user costs vary between automobile and public transport users even if a demand share is retained.  Furthermore, a consumer surplus is calculated presuming all users commute in the automobile travel cost, that is 
[image: image54.wmf]*

1

c

 in Figure 3 in the first place, then add the extra benefit subtracted from the automobile travel cost to the public transport travel cost multiplied by the extent of public transport demand in the second place.

2.4. Urban Transport Management Policies
Impositions are made on automobile users, not only to control automobile demand, independently, but also to the manage demand share between public transport or to secure financial resources for the improvement of the urban transport system as a part of urban transport management. The appropriate package approach combining restrained automobile uses and promotion of public transport uses is more effective than independent implementation of these measures.

The combination policy, which consists of charging automobile users and discounting public transport fares based on transferring the profits of the automobile charge is defined as a package approach including the following factors. This approach results in synergistic effects corresponding to the context of the urban transport system. Five pricing schemes planned by local government and three public transport market structures are discriminated in order to understand the interaction between them as illustrated in Table 1. Three public transport market structures (A, B, C) were explained before, while five pricing schemes (1-5) will be defined in the following sections. 
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The unified framework for the evaluation of the package approaches is formulated to cover every context of the urban transport system in Table 1.  However, A3-5 and C3-5 are omitted from this study since concrete policies do not exist for A3-5 and corresponding policies are too complicated to compare with other policies in the unified framework for C3-5. However it is important to examine C3-5 policies because they will be implemented in many cities in the future. These policies correspond to a simultaneous implementation of regulations providing incentives to efficient operation for the public transport agency and control the demand share to maximize social surplus in urban transport system. 

2.4.1. Without Congestion Charge: A1-C1

These cases show the effects of modifications between the public transport market structures. These values are also referred as benchmarks for other local government’s pricing schemes.  The public transport market conditions are set in cases A, B, C without congestion charge imposed.

2.4.2. With Congestion Charge: A2-C2

These cases show the effects on the congestion charge scheme due to differences in the public transport market structure.  The public transport market conditions are set in cases A, B, C, respectively beforehand while optimal congestion charges are set by the local government taking account of the public transport market conditions as appropriate. The optimal congestion charge problems are formulated as follows, 
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(4)-(9) and (1), (2) or (3),

where * denotes the equilibrium values of variables being solved by equations (4) to (9).

The inequality of (11), meanwhile, is the break-even condition for the congestion charge scheme. One of the equations (1) to (3) is chosen according to the market structures of public transport.

2.4.3 Coordinating between Public Transport and Automobile Pricing Scheme: B3
This case shows the effect of coordination between automobile and public transport pricing. The both fares are set by local governments simultaneously while the public transport and automobile markets are individually restricted by break-even constraints. Consequently, the optimal coordinating pricing scheme between public transport and automobiles is represented by 
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(4)-(9).

2.4.4. Cost Sharing between Public Transport and Automobile Pricing Scheme: B4

This case shows the effects of an improved financial flexibility facilitated by the transfer of the congestion charge profits to the public transport account. Fares for both modes are simultaneously set by local government under the non-negative constraint of the sum of both profit figures and profits from pricing schemes are transferred between both markets. The optimal cost sharing problem is then represented in the case of the package approach by
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(4)-(9)

2.4.5. Subsidizing to Maximize Social Surplus: B5

This case shows upper limit of the social surplus to investigate efficiencies of other cases. Fares for both modes are set by local government simultaneously to maximize social surplus without any break-even constraint imposed then the deficits filled by subsidy. The optimal fare setting problem is formulated as:

 
[image: image64.wmf](

)

{

}

(

)

å

ò

=

-

-

-

+

-

2

,

1

*

*

*

0

1

,

.

max

2

1

i

i

i

i

i

i

Q

p

p

q

VC

FC

q

p

dx

C

x

D

         (19)

        
[image: image65.wmf]0

,

.

.

2

1

³

p

p

t

s

                                                    (20)

(4)-(9).
3. Numerical Analyses of Urban Transport Management Policies
The parameter values of the urban transport system are chosen to be as comparable as possible between the cases. For the public transport service, the fixed costs equal 4500 pounds per day and the variable costs follow a non-linear function of the service supply 
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 pounds per day, respectively. The travel time for public transport is 14 minutes, while that for the automobile is the non-linear increasing function based on traffic flow given in (7) and (8) with parameters 
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 The results are shown in Table 2. Optimal urban transport management problems lead to different suggested solutions between the cases under the above assumptions. There are many cases featuring infeasible and indiscriminate solutions with different parameter sets as in real urban transport situations. Several other interesting results are also taken into consideration.  The equilibrium that yields the biggest social surplus is the Subsidizing case B5, as previously suggested. The second biggest is in the Cost Sharing case B4. Then, the third biggest surpluses are in the Coordinating and the Regulated Monopoly Markets with CC cases B3 and B2 respectively. These two cases represent an equivalent problem in this example, because both public transport fares are set according to the same average cost pricing criteria.  The smallest social surplus is in the Monopoly Market without CC case A1. 

Considering changes in fare and demand between the cases, we find that restraint of total demand does not mean an increase of social surplus because the lack of service supply limits the performance of the urban transport system. The marginal benefit exceeds the marginal cost with respect to the increase of total demand even in case B5.  Furthermore when the demand shifts from automobile to public transport there is an improvement in efficiency of the urban transport system.  These results are due to the inefficiency of excessive automobile use. Optimal fares are set so as to render automobile demand less than that for public transport, excluding cases A2 and C2 where public transport fares are set by the company to maximize their own profits or sustainability of their own business rather than social surplus.
Although deregulation causes public transport fares to decrease, it does not improve the urban transport system in this example. Social surpluses in contestable monopoly market cases C1 and C2 are smaller than in regulated monopoly market cases B1 and B2 respectively, because the disadvantage of a limited service supply of public transport is greater than the advantage of fare reduction.  Under the contestable monopoly market, the service supply and the public transport service fares are decided by the public transport company, not to match the travel demand and willingness to pay of the users, but to render their business sustainable. Consequently, latent users of the public transport service supply have to use automobiles or abandon their travel altogether. This mismatch increases the travel costs for automobile users and the inefficiency of the urban transport system. The monopoly market cases A1 and A2 may correspond to cases where deregulation has completely failed. In those situations, as the consequence of the company’s pursuit of profits, fares are increased with declining total demand, causing a social surplus to be less than that of a regulated monopoly market. The public transport company is exploiting section of the consumer surpluses, representing an abuse of a monopoly market. On the other hand, if the total demand is enough for the entry of a new company, then the service supply of public transport will increase under the resultant duopoly and the travel costs of automobile users will decrease.  This characteristic is observed with other parameter sets too.
Introducing a congestion charge, represented in the differences between A1, B1, C1 and A2, B2, C2 respectively, causes social surplus to increases under all market conditions, but does not, however, mean an increased consumer surplus. For example, when the public transport market is a monopoly, the consumer surplus decreases through the introduction of CC. On the other hand, the profit of the public transport company and of course the revenue of the CC scheme increase. For the regulated monopoly and contestable market cases, the public transport company exploits a part of the outcome of CC and the consumer surplus also decreases. Public transport fares are increased in response to the introduction of the CC. This results from the nature of the cost structure of a public transport company that influences their operation, thanks to a diseconomy of density
. If the operational costs of the CC are increased, introducing CC can sometime cause the social surplus to decrease. Furthermore, the CC does not simply persuade automobile users to change their mode to public transport, it also makes some transport users give up their travel altogether. Deregulation has reduced the optimal CC fare, although it may also serve to decrease the social surplus. Improved efficiency within urban transport systems also tends to decrease the optimal CC, except in the contestable market case.
Modifications of institutions in order to improve financial flexibility are useful in this example. The break-even constraint of the public transport company is binding in the Coordinating case B3. Then cost sharing is seen to relax the budget constraint of the public transport company and improve the efficiency of the urban transport system as compared with the Coordinating case B3. Furthermore, cost sharing achieves a Pareto improvement during modification from the Coordinating case B3 to the Cost Sharing case B4.  That means no users lose benefits due to this modification. Moreover, the budget constraint is still binding in the Cost Sharing case B4 rendering the Subsidizing case B5 more efficient.  Comparisons between the fares imply that modifications to the financial institutions may lower the fares, including the CC, and increase total demands.
4. Conclusions
A unified framework for the evaluation of the package approach is developed to correspond to different market structures for public transport. This framework is formulated as an optimal pricing problem constrained by the binary mode choice/assignment model integrated with a public transport company model in various forms of monopoly market. 

The individual and synergistic effects of measures included in the package approach are investigated through numerical analyses. As the results show, the synergistic effects of the simultaneous implementation of the congestion charge and discounted public transport fares, transferring the profits of the congestion charge to public transport, can improve the urban transport system. Public transport company responses in a monopoly market can also lead to negative effects following the introduction of a congestion charging scheme, with deregulation of public transport limiting the performance of the urban transport system. The model proposed in this paper demonstrates the effectiveness of the package approach and the resulting efficiency gains for the urban transport system.
Further extensions to be considered are as follows.  First, the congestion phenomenon in the public transport system and its effects should be integrated.  Second, it is useful that incentive regulation models
 are combined, as mentioned before. Third, parameter estimation to provide values to measures which are difficult to apply to real scale urban transport network systems should be implemented.
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Table 1 Urban Transport Management Policies
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Table 2 Comparison between Urban Transport Management Policies
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Fig.1 Natural Monopoly Conditions




















�When the service supply constraint is active the difference between c2* and c1* can be interpreted as queuing delay for transit services, as travellers will queue for transit services up to the point where the alternative is moe attractive. Time spent queuing is clearly lost (not a benefit).


�You need to explain what is meant by a “diseconomy of density”.


�What are “incentive regulation models”?
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