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Abstract: Large public transport subsidies necessitated by operating deficits have become a heavy
financial burden on some local governments. However, the present subsidy scheme lacks incentives
to encourage bus operators to reduce deficits to lessen subsidies. In order to motivate bus operators
to exert their roles in reducing these subsidies to ensure sustainable finance, this paper designs an
incentive subsidy scheme based on the Laffont–Tirole model. This scheme is designed to motivate
bus operators to endeavor to reduce deficits so as to obtain a premium, thus minimizing the total
amount of subsidies and maximizing social benefit. The case of the bus network in Kumamoto, Japan,
shows how, with this subsidy scheme, bus operators can play roles in lessening subsidies, allowing a
win-win situation for both bus operators and the local government, and maximizing social benefit
to realize the sustainability of the city. Finally, findings of our sensitivity analysis with imperfect
information suggest that the length of bus lines in a network should be shortened in order to avoid
cost waste to lessen subsidies.

Keywords: public transport; incentive subsidy scheme; Laffont–Tirole model

1. Introduction

The sustainability of cities is threatened by the excessive dependency on automobiles. Therefore,
a variety of measures have been implemented to restrain the growing demand for car travel in urban
areas [1]. Public transport is one of the most important measures for reducing car travel. In Japan,
local public transport operators have traditionally been required to independently balance their
revenue and expenses. The national government policy still considers public transportation to be
‘self-supporting’ [2]. However, the total costs of most bus companies cannot be covered solely by
ticket revenues due to the decline in public transport patronage. In order to cover these deficits,
local governments have had to set up public transport subsidy programs funded from their general
accounts. Moreover, most cities in Japan simply employ the loss-making subsidy policy, under which
the government provides sufficient subsidy to cover the gradually increasing deficits of bus operators.
Due to the lack of scientific and operational calculation methods, the financial burden caused by
subsidies on local governments is ever-increasing, and it is hard to maintain sustainable finance.

However, subsidizing public transport modes is commonly viewed as a cost-effective policy for
encouraging private car drivers to shift towards the environmentally friendly alternative of public
transit. In the recent past, designing efficient subsidy schemes to improve the sustainability of urban
transport systems has attracted considerable attention. Subsidy schemes usually can be divided into
“subsidy based on the loss” and “subsidy based on performance”. The subsidy based on the loss
includes direct financial subsidy for policy losses and special subsidy for vehicle renewal and fuel
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price riseetc [3]. However, there are many disputes about subsidies. For example, Karlaftis concluded
that there is an inverse relationship between system performance and subsidies [4]. A potentially
major problem is the inefficiency induced by the operation of public transport services by some
types of subsidies [5,6]. Someresearch considered the problem through the subsidy scheme based
on performance and the use of service quality indicators in service contracts [7–11], action taken
by the regulator to enforce penalties for poor performance, and the application of competitive
tendering [12–16]. The subsidy mechanism in London is payment to the operator of a specified
sum of provision of the specified service for a specified period, with all revenue collected being for
the account of the government [17]. Worcman concluded that contract payments of bus services in
Curitiba, Brazil, are calculated from an analysis of each operator’s cost structure, and profit margins
are set at 10% of turnover [18]. However, Daraio et al. proposed that the regulator has less information
on technology and costs than the bus company itself [19]. Consequently, local transit systems have an
incentive to operate at a deficit, or at least do not have sufficient incentive to reducecosts [20].

However, since bus operators work as a participant in public transport, they should take
responsibility to cut deficits to lessen the financial burden on the government to guarantee the
sustainable finance. Eventually, the social benefit is maximized, since the objective of public transport
is making the city’s development sustainable.

Therefore, it is important to identifying an appropriate incentive subsidy scheme that considers
asymmetric information between bus operators and the government. Such schemes not only enable
bus operators to obtain a premium for making efforts to reduce deficits, but also enable the local
government to reduce the total amount of subsidies, and eventually the social benefit is maximized.
In this case, both bus operators and the local government can reach a win-win solution.

The main purpose of this paper is to propose an incentive subsidy scheme based on the
Laffont–Tirole model [21], which has been widely applied in the regulation of other industries [22–24]
but has rarely been studied in the field of public transport. Following a brief introduction tothe
situation of public transport subsidies in Japan, we provide an overview of the relevant work on
public transport subsidies research. We then put forth an incentive subsidy scheme based on the
Laffont–Tirolemodel based on perfect information and imperfect information, and show through
empirical analysis that it can play a role in reducing the public transport subsidies of Kumamoto, Japan.
Finally, according to sensitivity analysis results, we suggest that line lengths should be shortened to
avoid the effects of asymmetric information and cost waste.

2. Incentive Subsidy Scheme Model

Public transport subsidies keep fares below operating costs and maintain or expand services
regardless of profitability [25]. However, the present subsidy scheme in Japan requires that local
governments pay an amount of subsidy to fully cover the deficits incurred by bus operators, as shown
in the left side of Figure 1. Bus operators have no incentive to make efforts to reduce deficits under
this situation, and consequently the amount of subsidies rises year by year. Therefore, it is essential to
design a new subsidy scheme to improve the situation to realize financial sustainability.
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A new incentive subsidy scheme, as represented in the right side of Figure 1, is proposed.
Under this scheme, local governments will give premiums to bus operators if they make efforts to
reduce deficits. A win-win result, in which bus operators receive a premium and the local government
lessens its subsidies, is thus possible. The Laffont–Tirole model, put forward by LaffontandTirole, is
the classic model of procurement under a state of asymmetric information [21].The incentive scheme
proposed in the present study is based on the Laffont–Tirole model with maximizing social benefit
that is the goal of public transport as the object as following, and the service level under the scheme is
assumed to be the same as the level under the present situation:

max
{U,d}

: SB = UB + U (1)

UB = B− (1 + λ) ∗ S (2)

U = t− ψ(d) (3)

S = t + C (4)

C = β− d (5)

S.T. : U ≥ 0 (6)

where SB = social benefit; UB = net benefit of the passengers; U = excess profit (utility level) of
the bus operator; B = benefit of passengers; S = pubic transport subsidies; λ = shadow cost of
public fund; ψ(d) = disutility of effort d( ψ′〉0, ψ′′ 〉0); t = net monetary premiums received from the
government; C = actual deficit after effort; β = deficit without effort to reduce deficit; and d = the
level of cost reduction or “effort” performance by the bus operator.

The object of the incentive model is to maximize social benefits (Equation (1)), which are comprised
of the benefits to passengers and to bus operators. The net benefit to passengers is calculated through
Equation (2), while that to the bus operator is calculated through Equation (3). The local government
compensates net monetary premiums t to bus operators as a reward for their efforts to reduce deficits.
Conversely, bus operators will experience a disutility ψ(d) when exerting effort level d. Equation (4)
is used to calculate the subsidies, which consist of net monetary premiums and reimbursement of
deficits. Equation (5) is the deficits of each bus line of the operator. Equation (6) states that the utility
level of the bus operator must be non-negative to obtain its participation; this is the firm’s individual
rationality constraint.

Information about the deficit β and the effort d between the local government and bus operators
is asymmetric, and the optimal social benefit in terms of different information is different.

2.1. Optimal Social Benefit under Perfect Information

Under a state of perfect information, that is, knowing β and observing d, the local government
would solve the following incentive model (Equation (7)) subject to the bus operator’s individual
rationality constraint (Equation (8)):

max
{U,d}

: SB = UB + U = B− (1 + λ)[β− d + ψ(d)]− λU (7)

S.T. : U ≥ 0 (8)

The solution of the model is:

ψ′(d) = 1 or d = d∗ (9)

U = 0 or t = ψ(d∗) (10)
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The optimal solution is that the marginal disutility of effort must be equal to marginal cost
savings, as Equation (9) shows. This means that there is no distortion for the most efficient bus
operator. Furthermore, Equation (10) means that the bus operator receives no excess profit in the
optimal solution, that is, premiums should equal the disutility value of optimization efforts.

In order to implement this optimal subsidy scheme, the government will offer bus operators a
fixed-subsidy contract. Under such a contract, the total amount of premiums is decided by Equation (11)
and the bus operator takes all risk and increases profit by taking efforts to reduce cost:

t(C) = ψ(d∗)− [C− (β− d∗)] (11)

2.2. Optimal Social Benefit under Imperfect Information

Under a state of imperfect information, the local government does not know the accurate deficit
β, but only knows that it belongs to an interval

(
β, β
)

. Maximizing social benefit is calculated by
Equation (12) under the incentive compatibility and individual rationality constraints:

max
{d(·),U(·)}

∫ β

β
[B− (1 + λ)[β− d(β) + ψ(d(β))]− λU(β)]dF(β) (12)

S.T. :
.

U(β) = −ψ′(d(β)) (13)
.
d(β) ≤ 1 (14)

U(β) ≥ 0 (15)

where F(β) is the absolute continuous distribution function which describes the prior of the
government to the deficit β in the interval

(
β, β
)

.
Equation (12) is used to calculate the optimal social benefit under imperfect information.

Equations (13) and (14) are incentive compatibility constraints, and Equation (15) is the individual
rationality constraint.

Integrating Equation (13), we obtain Equation (16):

U(β) =
∫ β

β
ψ′
(

d
(

β̃
))

dβ̃ + U
(

β
)

(16)

Since rents are socially costly, the government sets U
(

β
)
= 0. Integrating by parts, the expected

rent to be given up by the government is:∫ β
β U(β)dF(β) =

∫ β
β

∫ β
β ψ′

(
d
(

β̃
))

dβ̃dF(β)

=
[

F(β)
∫ β

β ψ′
(

d
(

β̃
))

dβ̃
]∣∣∣ββ +

∫ β
β F(β)ψ′(d(β))dβ

=
∫ β

β F(β)ψ′(d(β))dβ =
∫ β

β
F(β)
f (β)

ψ′(d(β))dF(β)

(17)

Substituting Equation (17) into Equation (12), the optimization problem can be obtained as shown
by Equation (18):

max
{d(·)}

∫ β

β

{
S− (1 + λ)[β− d(β) + ψ(d(β))]− λ

F(β)

f (β)
ψ′(d(β))

}
dF(β) (18)

Then, the condition required by the optimal d∗(β) is obtained as Equation (19). The optimal
premium is calculated by Equation (20):

ψ′(d∗(β)) = 1− λ

1 + λ

F(β)

f (β)
ψ′′ (d∗(β)) (19)



Sustainability 2019, 11, 1740 5 of 13

t∗(β) = ψ(d∗(β)) + U∗(β) = ψ(d∗(β)) +
∫ β

β
ψ′
(

d∗
(

β̃
))

dβ̃ (20)

3. Empirical Analysis

This paper examines effects of our incentive subsidy scheme by taking the public transport
network in the Kumamoto urban area in Japan as the research object. We first introduce the public
transport situation of Kumamoto, which in recent years has deteriorated. Bus operators’ desire to
maximize profit and the government desire to reduce subsidies and maximize social benefit. Therefore,
the incentive subsidy scheme was applied to the bus network to satisfy the above requirements. Due to
the existence of hidden information, sensitivity analysis regarding how imperfect information affects
the subsidy is performed at the end of this paper.

3.1. Public Transport Situation in Kumamoto

There are three public transport modes in Kumamoto, and they are bus, Japan Railway and
Electric Railway. Japan Railway supplies the service from Kumamoto to other cities, and the service of
Electric Railway is supplied to connect the central area in the city. The public transit in the Kumamoto
between urban area and suburb area is mainly afforded by the bus that is operated by one municipal
and three private bus companies. There are 117 lines and the total length of the bus network is 2703 km.
Due to the popularity of private cars and to population decline, total bus patronage has fallen by about
30% over the last 10 years. Meanwhile, the bus use ratio by commuters in Kumamoto city is about11.6%,
which is lower compared with those of other similar size cities in population and density. This has
resulted in dramatic deterioration of the economic and financial performance of local public transport
firms. The local public transport sector has been characterized by skyrocketing deficits. Additionally,
the city government subsidy reached about 1.065 billion yen of wages to municipal transport in 2017.
Therefore, the large subsidies have become a heavy financial burden on the city government.

Deficits β of the bus network can be obtained by the difference between income and expenditure,
and the result is shown in Table 1.

Table 1. Situation of bus network in Kumamoto, Japan.

Classification No. of Lines Profit (Billion yen/year)

Profit-making lines 31 1.844
Deficit-making lines 86 −2.909

Total 117 −1.065

It can be seen from Table 1 that nearly 74% of bus lines are deficit-making, meaning that the
government must supply the same amount of subsidy as the deficit to bus operators to maintain the
bus service. Accordingly, it is essential to apply the above incentive subsidy scheme model into public
transport in Kumamoto. Since the scheme aims to force bus operators to take efforts to reduce deficits
on deficit-making lines, we apply the model to the deficit-making bus lines to examine its effects.

To calculate the incentive model, the users’ benefit and the disutility of effort are required
in advance.

3.2. Calculatingthe Benefit B of the Patronage

Here, passenger benefit is the saving of money, time, fuel emission, and other aspects caused by
the bus network. The public Transport Planning Book of Kumamoto City points out that the benefit
to passengers of the whole bus network is 4.523 billion yen [26]. The parameter, passengers’ benefit,
by line Bi is calculated by distributing the total amount of passengers’ benefit of the reorganized bus
network into every deficit-making bus line in proportion to their passenger hours. In this paper, the
benefit of passengers is the same under the present scheme as that under the incentive scheme, as the
service level is assumed to be constant.
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The calculation of B is done with Equation (21):

Bi = 4.523× 109 ×
∑
j

xij · tij

∑
i

∑
j

xij · tij
(21)

where, Bi = passengers’ benefit of line i; xij = passengers of line i between bus stop pair j; and
tij = travel time of line i between bus stop pair j.

3.3. Calculating the Disutility ψ(d) of Effort d

The disutility of effort ψ(d) is very difficult to measure from actual data because it is unforeseeable
loss. Although some researchers had assumed it followed a formula ψ(d) = exp(α · d)− 1 [27], when
studied, this was neither confirmed nor disproved. Here, considering the field we studied, we assume
the premium t is used to replace ψ(d), since disutility occurs due to bus operators taking efforts to
reduce cost to obtain premiums and only bus operators can estimate it through actual operation.

As bus operators are able to obtain premiums equal to the cost they reduced, we use the
contingency valuation method (CVM) to estimate ψ(d), and contingent valuation surveys should be
designed in a yes-or-no format [28–30].

Therefore, the double-bounded dichotomous choice (DBDC) of CVM is used to obtain t through
a questionnaire survey. Respondents are asked whether they would accept premiums of X yen
when taking efforts to reduce cost. When “yes” is answered, they will be asked whether they would
accept lower premiums with the same reduced cost in the next step. Otherwise, they will be asked
whether they would accept higher premiums with the same reduced cost. Figure 2 depicts the
questionnaire process.
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The survey was conducted using four bus operators regarding10 bus lines with a deficit. There
are five levels of effort (5%, 10%, 25%, 50%, and 80% of the total deficit) that can be chosen by bus
operators. Through the survey, the range of premiums the operator wishes to receive under some
line can be obtained. In order to obtain exact premiums, we assumed that premiums ti for bus line i
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follow the distribution of N
(
µi, σi

2) . The functions µi and σi are respectively defined by Equations
(22) and (23):

µi = E[Ti(d, z)] = ti(d, z) = dmax ·
(

d
dmax

)1+|a|zi

(22)

σi = b · µi = b · ti(d, z) (23)

where, ti(d, z) = the average premium of bus line i; dmax = maximum effort (≡ deficit without effort);
zi = characteristic of bus line i; and a, b = unknown parameters.

Therefore, the premium ti follows the distribution of N
(

ti(d, z),
(
ti(d, z) · b

)2
)

. The probability of
the bus operator accepting premiums ti(d, z) for line i under a level of effort is defined by Equation (24):

Pa(ti(d, z)) = 1− P(ti(d, z)) = 1−
∫ ti(d,z)

0

1√
2πσ

exp

(
− (x− µ)2

2σ2

)
dx (24)

The unknown parameters a and b are estimated by maximum likelihood function Equation (25)
using the surveyed data. The calibrated result is shown in Table 2.

ln L = ∑
i

{
δYY

i ln Pa
YY + δYN

i ln Pa
YN + δNY

i ln Pa
NY + δNN

i ln Pa
NN

}
(25)

where Pai
YY = the probability of answering “yes” to both queries for line i; Pai

YN = the probability of
answering “yes” to the first query but “no” to the second query for line i; Pai

NY = the probability of
answering “no” to the first query but “yes” to the second query for line i; and Pai

NN = the probability
of answering “no” to both queries for line i.

Table 2. Calibrated results of the model.

Explanatory Variables Parameters T-Value

a 0.0104 4.86
b 0.3042 9.63

Number of samples 50
Likelihood −60.12

3.4. Subsidies under PerfectInformation

Calculating the data of deficit-making lines on the reorganized bus network revealed that the total
deficits reached 2.909 billion yen. Under perfect information, the calculation of the optimal effort d∗

and optimal premiums t∗ are respectively shown by Equations (9) and (10). Table 3 shows a comparison
of the present subsidy scheme with the incentive subsidy scheme aiming at the surveyed bus lines. It
can be seen that bus operators will take efforts to reduce deficits by1.140 billion yen while accepting
1.002 billion yen in premiums. Meanwhile, the government will reduce subsidies by 0.538 billion yen.
This value corresponds to about 18%of the original amount of subsidies. The local government and
bus operators achieve a win-win solution in the incentive subsidy scheme, and eventually the social
benefit also increases.
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Table 3. Comparison of the two subsidy schemes (billion yen).

Subsidy Scheme Present Incentive Mechanism Scheme
under Complete Information

Deficit, β 2.909
λ - 5.0%

Effort, d∗ - 1.140
Actual deficit with effort, C 2.909 1.769

Disutility by effort, ψ(d) - 0.602
Excess profit, U∗ 0 0

Premium, t - 0.602
Subsidy, S 2.909 2.371
Benefit, B 1.844

Net benefit, UB −1.210 −0.646
Social benefit, SB −1.210 −0.646

3.5. Subsidies under ImperfectInformation

As in the above model, the condition required by the optimal effort under imperfect information
is ψ′(d∗(β)) = 1− λ

1+λ
F(β)
f (β)

ψ′′ (d∗(β)).
We also constructed a formula representing disutility as Equation (22), and the relationship

between effort d and deficit β can be obtained through substituting Equation (22) into the above
condition:

d|α|·z + α · |α| · z · d|α|·z−1 − β|α|·z

1 + |α| · z = 0
(

α = λ
1+λ

F(β)
f (β)

)
(26)

Under imperfect information, the local government does not know the exact deficits β, only
knows that β̂ belongs to the interval

(
β, β
)

. In order to obtain the optimal effort d∗ to maximize
the social benefit, the distribution rule of β should be known. Here, actual deficits β are assumed to
respectively follow the unit distribution and the normal distribution to know whether the distribution
of β̂ will affect the final result. Also, the range of β̂ is respectively assumed to be 0.1%, 6.0%, and 10%
in order to analyze how different degrees of imperfect information affect the result. When the range is
10%, it means that β is 5% smaller than the exact deficit β while β is 5% larger than β. A smaller range
of β̂ more closely approximates that under perfect information. A comparison of different subsidy
schemes under different degrees of information is shown in Table 4.

In unit distribution, bus operators will take more efforts d∗ compared to in the normal distribution,
however the excess profit U∗ and the subsidies S in the two types of distribution are the same if the
range of β̂ is smaller. Otherwise, the amount of U∗ and S in the unit distribution is larger than that in
the normal distribution. This means the distribution of β̂ also affects the result of the incentive subsidy
scheme, however, its effect is less significant than the effect of the range of β̂.

It is seen that bus operators will take less efforts to reduce deficits when the information is more
non-transparent, while they will get more excess profit. Taking β̂ to follow the normal distribution as
an example, the effort d∗ gradually decreases from 1.137 billion yen to 1.130 billion yen as the range of
β̂ increases from 0.1% to 10%. Meanwhile, the excess profit U∗ also increases from 0.01 million yen
to 1.44 million yen, and the subsidies of the government grow from 2.372 billion yen to 2.515 billion
yen. This means that more non-transparent information would help bus operators obtain more excess
profit and result in more subsidies. However, regardless of the degree of information, the social benefit
under the incentive subsidy scheme is higher than that under the present scheme.
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Table 4. Comparison of different subsidy schemes under different information (100 million yen).

Subsidy Scheme Present Subsidy
Scheme

Incentive Subsidy Scheme

Complete
Information Incomplete Information

Type of distribution - - Unit Normal
Range of β(%) - - 0.1 6.0 10.0 0.1 6.0 10.0

λ - 5.0%
Deficit, β 29.09
Effort, d∗ - 11.40 11.40 11.36 11.33 11.37 11.33 11.30

Actual deficit with
effort, C 29.09 17.69 17.69 17.73 17.76 17.72 17.76 17.79

Disutility, ψ(d) - 6.02 6.02 5.98 5.95 5.99 5.95 5.92
Excess profit, U∗ - 0.00 0.01 0.87 1.46 0.01 0.87 1.44

Premium, t - 6.02 6.03 6.85 7.41 6.00 6.82 7.36
Subsidy, S 29.09 23.71 23.72 24.58 25.17 23.72 24.58 25.15
Benefit, B 18.44

Net Benefit, UB −12.10 −6.46 −6.47 −7.37 −7.99 −6.47 −7.37 −7.97
Social Benefit, SB −12.10 −6.46 −6.46 −6.50 −6.53 −6.46 −6.50 −6.53

3.6. Sensitivity Analysis under Imperfect Information

As Equation (26) shows, the optimal effort under imperfect information is related to the shadow
cost λ and the characteristic of bus line z. This means that λ and z will affect the optimal subsidy.
During the above calculation, the shadow cost λ was assumed to be5% in accordance with standard
research [21]. However, whether the value is suitable in our case and whether it significantly affects
the result is unknown. Therefore, we performed a sensitivity analysis of λ to study its effect.
A characteristic of bus lines may also affect results, and the sensitivity analysis under imperfect
information was performed based on two situations:

3.6.1. Sensitivity Analysis Aiming at All Deficit-making Bus Lines

As the effect of distribution of β̂ is not significant, here we only assumed that β̂ follows the normal
distribution and that the range is 6%. In order to obtain the effect, we assumed two extremes and
one normal value of λ. The value of λ was respectively assumed to be0.1%, 5%, and 20%. Results are
shown in Table 5.

Table 5. Results of sensitivity analysis (100 million yen).

Subsidy Scheme Incentive Subsidy Scheme under Incomplete Information

Item λ
Deficit

β
Effort

d∗
Actual deficit
with effort C

Disutility by
effort ψ(d)

Excess
profit U∗

Premium
t

Subsidy
S

Benefit
B

Net
benefit

UB

Social
benefit

SB
0.1%

29.09
11.40 17.69 6.02 0.88 6.90 24.59

18.44
−6.17 −5.29

5% 11.33 17.76 5.97 0.87 6.84 24.60 −7.39 −6.52
20% 11.26 17.83 5.92 0.87 6.79 24.62 −11.10 −10.23

As Equation (26) shows, parameter α has a positive relationship with λ. When λ increases, there
must be an increase in α. When α is greater, it is very difficult to achieve optimal efforts. As shown in
Table 5, bus operators take less effort to reduce deficit and pay less disutility as λ increases. However,
subsidies under different λ change very little due to the effect of the superimposition of C, ψ(d) and
U∗. Due to the connotation of λ, there is a great effect on the net benefit of passengers and society.

3.6.2. Sensitivity Analysis Aiming at Line Characteristic

Since the characteristic of bus lines in this paper is length, we chose three typical bus lines to
study effects. The first line is long with bigger deficits. The second is also long, however has fewer
deficits. The last one is short and has fewer deficits. Table 6 represents the result.
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Table 6. Sensitivity analysis result of line characteristics (10,000 yen).

Series 1© 2© 3©
Length (km) 24.66 19.44 8.92

Deficit, β 7201 437 555

Range of β: 0.1%

λ 0.1% 5% 20% 0.1% 5% 20% 0.1% 5% 20%
Effort, d∗ 2956 2956 2955 176 176 176 213 213 213

Actual Deficit with
Effort, C 4245 4245 4246 261 261 261 342 342 342

Disutility by Effort, ψ(d) 1537 1537 1537 92 92 92 111 111 111
Excess Profit, U∗ 4 4 4 0 0 0 0 0 0

Premium, t 1541 1541 1541 92 92 92 111 111 111
Subsidy, S 5786 5786 5786 353 353 353 453 453 453

Range of β: 16%

λ 0.1% 5% 20% 0.1% 5% 20% 0.1% 5% 20%
Effort, d∗ 2955 2928 2858 176 174 170 213 211 206

Actual Deficit with
Effort, C 4246 4273 4343 261 263 267 342 344 349

Disutility by Effort, ψ(d) 1537 1523 1486 92 90 88 111 110 108
Excess Profit, U∗ 584 582 578 35 35 35 38 38 36

Premium, t 2121 2105 2064 127 125 123 149 148 144
Subsidy, S 6367 6378 6407 388 388 390 491 492 493

For a better comparison, we set two extremes of the range of β: one,0.1%, representing a situation
similar with complete information; the other range, 16%, representing a more serious situation of
asymmetric information between bus operators and government.

Through calculation, it was found that longer bus lines would require more effort to reduce cost
whatever the range of β. The percentage of the reduced subsidies accounting the original deficits is
respectively 20%, 19%, and 18%, meaning that there is more cost waste that can be reduced through
efforts when the line is longer. This also suggests that the length of lines should not be too largeto
avoid more cost waste.

It is seen that only the first bus line obtained excess profit under the range of 0.1%. This bus line
has the longest length and biggest deficits, which means it is easier to hide information to obtain excess
profit. Additionally, the effect that λ had on it was the largest. The other two lines were not affected by
the change of λ under this range.

When the range of β is 16%, all three bus lines obtained excess profits. The excess profit of the
first line accounted for about 9.2% of the total subsidies. The U∗ of the second line took the proportion
of the total subsidies by 9, while the percentage of the third line was 7.7%. This means that the bus line
can obtain greater excess profit if the length is longer and information is less transparent.

4. Conclusions

Public transport subsidies caused by deficits have become a huge financial burden on local
governments in Japan. However, there is no motivation forbus operators to reduce deficits so as to
lessen subsidies under the present subsidy scheme. Therefore, it is essential to design a new kind
of subsidy scheme which will not only motivate bus operators to reduce deficits but also alleviate
financial burdens on government. In this study, by taking public transport in Kumamoto, Japan as a
research object, it was found that an incentive subsidy scheme based on the Laffont–Tirole model can
allow local governments and bus operators to reach a win-win solution under perfect information.
In the new scheme, not only can bus operators obtain premiums as the reward of reducing deficits,
but local government can also save about 18% of the present subsidies under perfect information.
However, under imperfect information, local governments will pay more subsidies because of the
non-transparency of the information. Then, we performed a sensitivity analysis on factors that affect
optimal efforts. Through calculation, it was found that the length of bus lines has an influence on effort
and hidden information. When the length is longer, the bus operator may have more information
hidden and cause more cost. The operation of longer lines would reduce the cost more if bus operators
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were inspired to take efforts to lessen deficits in order to obtain premiums. In order to make information
more transparent between bus operators and government, and avoid more resource waste, a suggestion
that bus lines should not be set too long is given. It is necessary to take efforts to reduce operational
cost that the length of bus lines should be shorter [31–33]. Meanwhile, the bus operator should control
the manage cost, such as improving working efficiency, avoiding resource waste, and so on.

Eventually, the empirical analysis certifies that the incentive subsidy mechanism proposed by
the research can realize the sustainable finance of bus operators and governments finance, and finally
form a sustainable city with maximized social benefit. Based on the proposed model, the following
suggestions and policies can be adopted for governments:

1. Bus operators play the most important role in bus operation, and they would like to reduce
deficits if appropriate incentives are given in the contract. If a bus company takes measures
to reduce its operating cost, it will increase its profit, and the more cost is reduced, the more
social benefit will obtain. Therefore, under the subsidy mechanism presented in this paper, bus
companies should improve management and operational efficiency and the government will pay
fewer subsidies.

2. Bus operators can get more excess profits if the information between operators and the
government is less transparent. And the asymmetric information may affect the service level
and operating efficiency, which reduces the social benefit. Therefore, the length of bus lines is
suggested not to be set too long to avoid more information being hidden.

Based on the existing research in this paper, various extensions should be considered: The above
subsidy scheme is generally researched as a static situation; we will improve the incentive subsidy
scheme not only to reduce operation cost but also to inspire bus operators promoting service level to
attract more passengers. Additionally, we do not discuss how to continue when the contract period
ends. However, governments will know more information hidden after one period ends, and we
will research a dynamic incentive subsidy scheme based on more and more transparent information
between bus operators and governments, which can make the service supplied by bus operators more
efficient and maximize social benefit.
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Compensation in Integrated Public Transport Systems. Sustainability 2018, 10, 2969. [CrossRef]
12. Mathisen, T.A. Competitive tendering and cross-shareholding in public passenger transport. Transp. Policy

2016, 48, 45–48. [CrossRef]
13. Mouwen, A.; Van Ommeren, J. The effect of contract renewal and competitive tendering on public transport

costs, subsidies and ridership. Transp. Res. Part A 2016, 87, 78–89. [CrossRef]
14. Hensher, D.A.; Houghton, E. Performance-based quality contracts for the bus sector: Delivering social and

commercial value for money. Transp. Res. Part B Methodol. 2004, 38, 123–146. [CrossRef]
15. Hensher, D.A.; Stanley, J. Contracting regimes for bus services: What have we learnt after 20 years? Res.

Transp. Econ. 2010, 29, 140–144. [CrossRef]
16. Kavanagh, P. A case for negotiated performance-based contracting rather than competitive tendering in

government public transport (bus) service procurement. Res. Transp. Econ. 2016, 59, 313–322. [CrossRef]
17. Matthews, B.; Bristow, A.; Nash, C. Competitive Tendering and Deregulation in the British Bus

Market—A Comparison of Impacts on Costs and Demand in London and the British Metropolitan Areas.
In Proceedings of the 7th International Conference on Competition and Ownership in Land Passenger
Transport, Molde, Norway, 25–28 June 2001.

18. Worcman, N. Trends: Boom and Bus. Technol. Rev. 1993, 96, 12–17.
19. Daraio, C.; Diana, M.; Di Costa, F.; Leporelli, C.; Matteucci, G.; Nastasi, A. Efficiency and effectiveness in the

urban public transport sector: A critical review with directions for future research. Eur. J. Oper. Res. 2016,
248, 1–20. [CrossRef]

20. Lodi, A.; Malaguti, E.; Stier-Moses, N.E.; Bonino, T. Design and control of public-service contracts and an
application to public transportation systems. Manag. Sci. 2015, 62, 1165–1187. [CrossRef]

21. Jean-Jacques, L.; Jean, T. A Theory of Incentives in Procurement and Regulation; The MIT Press: Cambridge, MA,
USA, 1993; pp. 53–124.

22. Parsons, S. Laffont and Tirole’s Competition in Telecommunications: A View From the US. Int. J. Econ. Bus.
2002, 9, 419–436. [CrossRef]

23. Young, W.; Meijaard, J. Political Culture, Economic Structure and Policy: The Laffont–Tirole Model Extended
to Modern Japan. Am. J. Econ. Sociol. 2002, 61, 301–326. [CrossRef]

24. Crew, M.A.; Kleindorfer, P.R. Price Caps and Revenue Caps: Incentives and Disincentives for Efficiency.
In Pricing and Regulatory Innovations Under Increasing Competition; Springer: Boston, MA, USA, 1996.

25. Karlaftis, M.G.; McCarthy, P. Operating subsidies and performance in public transit: An empirical study.
Transp. Res. Part A Policy Pract. 1998, 32, 359–375. [CrossRef]

26. Kumamoto University. Kumamoto City: Integrated Public Transport Planning Book; Kumamoto University:
Kumamoto, Japan, 2013.

27. Gagnepain, P.; Ivaldi, M. Incentive regulatory policies: The case of public transit systems in France. J. Econ.
2002, 33, 605–629. [CrossRef]

28. Simons, R.; Winson-Geideman, K. Determining Market Perceptions on Contaminated Residential Property
Buyers Using Contingent Valuation Surveys. J. Real Estate Res. 2005, 27, 193–220.

29. Chandrasekaran, K.; Devarajulu, S.; Kuppannan, P. Farmers’ Willingness to Pay for Irrigation Water: A Case
of Tank Irrigation Systems in South India. Water 2009, 1, 5–18. [CrossRef]

30. Sun, C.; Zhu, X. Evaluating the public perceptions of nuclear power in China: Evidence from a contingent
valuation survey. Energy Policy 2014, 69, 397–405. [CrossRef]

31. Kuan, S.N.; Ong, H.L.; Ng, K.M. Solving the feeder bus network design problem by genetic algorithms and
ant colony optimization. Adv. Eng. Softw. 2006, 37, 351–359. [CrossRef]

http://dx.doi.org/10.1016/S0965-8564(03)00006-5
http://dx.doi.org/10.1016/j.tranpol.2010.07.007
http://dx.doi.org/10.3390/su10092969
http://dx.doi.org/10.1016/j.tranpol.2016.02.011
http://dx.doi.org/10.1016/j.tra.2016.03.003
http://dx.doi.org/10.1016/S0191-2615(03)00004-3
http://dx.doi.org/10.1016/j.retrec.2010.07.018
http://dx.doi.org/10.1016/j.retrec.2016.06.006
http://dx.doi.org/10.1016/j.ejor.2015.05.059
http://dx.doi.org/10.1287/mnsc.2015.2174
http://dx.doi.org/10.1080/1357151021000010409
http://dx.doi.org/10.1111/1536-7150.00161
http://dx.doi.org/10.1016/S0965-8564(98)00002-0
http://dx.doi.org/10.2307/3087477
http://dx.doi.org/10.3390/w1010005
http://dx.doi.org/10.1016/j.enpol.2014.03.011
http://dx.doi.org/10.1016/j.advengsoft.2005.10.003


Sustainability 2019, 11, 1740 13 of 13

32. Schöbel, A. Line planning in public transportation: Models and methods. OR Spectr. 2012, 34, 491–510.
[CrossRef]

33. Herbert, M. Optimization and scale economies in bus transportation. Am. Econ. Rev. 1972, 67, 591–604.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s00291-011-0251-6
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Incentive Subsidy Scheme Model 
	Optimal Social Benefit under Perfect Information 
	Optimal Social Benefit under Imperfect Information 

	Empirical Analysis 
	Public Transport Situation in Kumamoto 
	Calculatingthe Benefit B  of the Patronage 
	Calculating the Disutility ( d )  of Effort d  
	Subsidies under PerfectInformation 
	Subsidies under ImperfectInformation 
	Sensitivity Analysis under Imperfect Information 
	Sensitivity Analysis Aiming at All Deficit-making Bus Lines 
	Sensitivity Analysis Aiming at Line Characteristic 


	Conclusions 
	References

