
 
 

 

 

Introduction of Monthly Flat Rate Fare and Ride-hailing Service 
in Public Transportation of Rural Area 

 
Kota YAHAGI 

Candidate for the Degree of Master of Engineering 
Supervisor: Dr. Kunihiro KISHI 

Division of Engineering and Policy for Sustainable Environment 

 

  

Introduction 
 

For many years, it has been an important issue to secure 

sufficient public transportation to support resident's 

mobility in the rural area of Japan, and transportation 

services such as the fixed route bus, on-demand bus, and 

shared taxi have been operated with many subsidies. 

However, these services have a poor financial situation 
and budgetary constraints. Also, demand continues to 

decline as the population decreases. Furthermore, these 

situations are expected to become even more severe in 

the future. 

On the other hand, a new form of transportation 

companies such as Uber and Grab provide the private car 

transportation service which people can book a ride with 

a smartphone application. However, transportation by 

private cars that are not licensed by the government in 

Japan is prohibited by law, and that is only allowed in 

some areas identified as public transportation blank areas. 

Therefore, when residents do not travel by car, they use 
the existing public transportation services in areas where 

public transportation is currently operated or they use the 

licensed private car transportation services in areas 

where public transportation is not operated. 

Hence, this study considers that it would be desirable 

to have a situation where both existing public 

transportation and private car transportation services are 

available in order to support the mobility of residents in 

rural areas. Therefore, this study proposes a new public 

transportation service that can provide both the existing 

public transportation and new transportation services by 
private cars. Also, this study identifies the demand for 

this service through a questionnaire survey. In addition, 

this study analyzes the feasibility of the service by 

analyzing the profitability. In the end, this study 

demonstrates the benefits for not only residents and also 

transportation providers in the rural area.  

 

Overview of Study Area 
 
The target area of this study is Shibetsu City, located in 

the northern part of Hokkaido. The current public 

transportation service in the city is mainly made up of 

buses and demand buses between the suburban area and 

the urban area, and buses that circulate around the urban 

area of the city. The main users of the buses are over 65 

years old, mainly for hospital visits and shopping. 

However, the demand for buses continues to decline as 

the population rapidly decreases every year. 

 

 

 

Public transportation services to be 
considered for introduction in this study 
 

The public transportation service introduced in this study 

is a bus and door-to-door service (Taxi or ride-hailing) 

with a monthly flat rate fare as shown in Figure 1. 
Currently, social experiments of MaaS are being 

conducted by the Ministry of Land, Infrastructure, 

Transport, and Tourism (MLIT) all over Japan, but until 

now, the introduction of this public transportation service 

with a monthly flat rate fare has not been considered in 

rural areas of Japan. In addition, the buses in this study 

use existing routes, and it is assumed that all routes of 

bus service are available throughout the city by 

subscription. In addition, door-to-door service is 

assumed to be available a certain number of times per 

month. However, neither service allows travel outside 
the city. 

 
Figure 1. An Example of New Public Transportation 

Services 
 

Questionnaire survey 
Design of the questionnaire 
 

The questionnaire included questions on socio-

demographic characteristics, usual transportation 

behavior, willingness to subscribe to a new public 
transportation service with a monthly membership, and 

the number of times per week to use the service in case 

of subscription. For the question on the new public 

transportation service, the variables and levels shown in 

Table1 were set up and assigned to the L9 orthogonal 

table based on the design of experiments, and the 

respondents were asked about their willingness to 

subscribe to each service level. 

 



 
 

 
 

 

Table 1. Variables and Levels of New Public 

Transportation Service 

 
 

Overview of the survey 
 
In November 2020, a questionnaire survey was 

conducted among a total of 1,000 households (500 

households each in the urban and suburban areas of 

Shibetsu City) using a mail distribution and collection 

method. A summary of the survey is shown in Table 2. 

Two samples of the questionnaire were distributed to 

each household, and questionnaires were collected from 

297 out of 1000 households. The total number of 

questionnaires was 456, with a response rate of 22.8%. 

Table 2. Distribution of Questionnaires and Number of 

Samples Collected 

 
 

Analysis of willingness to subscribe to a 
new public transportation service when it is 
introduced 
 

A public transportation service subscription choice 

model representing the willingness or unwillingness to 

subscribe was constructed using a binary logit model for 

each service level assigned to the L9 orthogonal table. 

The parameter estimation results for door-to-door 

services are shown in Tables 3 and 4 for taxi and ride-

hailing, respectively. For both services, the following 

parameters were significant: residence area, intention to 

return driver’s license within 5 years, less than 10 

minutes walk to the bus stop, go out at least once a week, 

and service fare. In the case of a taxi, gender and anxiety 
about driving (Non-snow condition) were also 

significant. These results indicate that the demand for the 

service is high for residents living in suburban areas who 

have a habit of going out. The demand for the service is 

also high among those who currently drive and intend to 

return their driver's license within five years due to 

anxiety about driving and old age. This suggests that 

door-to-door service may meet the needs of people who 

are concerned that they will not be able to use their own 

cars in the future. In addition, since it was significant that 

it takes less than 10 minutes to walk to a bus stop, it is 
expected that this encourages residents who have not 

used the bus to use it. 

 

 

 

 

 

Table3. Parameter Estimation Results of the Public 

Transportation Service Subscription Model When 

Door-to-door Service is a Taxi 

 
Table 4. Parameter Estimation Results of the Public 

Transportation Service Subscription Model When 

Door-to-door Service is a Ride-hailing 

 
 

Calculating the probability of service 
subscription and expected revenue 
Probability of Service Subscription 
 

Using the parameter estimation results of the 

subscription choice model, the choice probabilities for 

varying fares are shown in Figure 2. It was clear that the 

choice probability decreases as the fare increases, and 
the choice probability is higher for the taxi for the same 

fare. This can be interpreted to mean that the taxi may be 

more reliable in terms of safety. Thus, it is estimated that 

it causes that taxi has a higher probability. 

 
Figure 2. Subscription Probability in the case of Taxi 

and Ride-hailing 

 
Calculation of Expected Revenue 
 
Using the choice probability with varying fares, the 

expected revenue from the introduction of the service 

was calculated using Eq-1. Here, 𝑃𝑜𝑝 is defined as the 

population over 50 years old in Shibetsu City because 

over 90% of the respondents in the questionnaire survey 

were over 50 years old. The calculated revenues are 

shown in Figure 3. It was clear that the maximum 

revenue is generated at around 11,000 (JPY) fare in the 

case of both services. 

1 2 3

Maximum number of uses/week

(Taxi&Ride-hailing)
2 times 6 times 14 times

Fare (JPY/month) 4000 10000 20000

Waiting time (Taxi&Ride-hailing) 10 min 30 min 60 min

Explanatory variable
Level

Disribution area Urban Suburban Total

Number of household 500 500 1000

Number of samples 1000 1000 2000

Number of samples collected 177 279 456

Rate (sample) 17.7% 27.9% 22.8%

Explanatory variables Parameter t value

Gender (Man:1, Woman:0) 0.40 2.32 *

Residence area (Urban:1, Suburban:0) -0.66 -3.53 ***

Anxiety about driving (Non-snow condition) 0.42 2.42 *

Intention to return driver's license within 5 years-Dummy 0.67 2.55 *

Less than 10 minutes walk to the bus stop-Dummy 0.59 2.72 **

Go out at least once a week-Dummy 0.60 2.92 **

Service fare (1000 JPY) -0.11 -7.16 ***

Constant -1.74 -5.95 ***

Adjusted likelihood ratio 0.43

***0.1% Significant　**1% Significant　*5% Significant

Explanatory variables Parameter t value

Residence area (Urban:1, Suburban:0) -0.63 -3.15 **

Intention to return driver's license within 5 years-Dummy 0.70 2.56 *

Less than 10 minutes walk to the bus stop-Dummy 0.72 2.95 **

Go out at least once a week-Dummy 0.65 2.97 **

Service fare (1000 yen) -0.10 -6.11 ***

Constant -1.84 -5.98 ***

Adjusted likelihood ratio 0.49

***0.1% Significant　**1% Significant　*5% Significant



 
 

 
 

𝑅𝑖 = 𝐹𝑖 × 𝑃𝑖 × 𝑃𝑜𝑝 Eq-(1) 

𝑅𝑖: Expected revenue 

𝐹𝑖: Monthly service fare 

𝑃𝑖: Probability of subscription 

𝑃𝑜𝑝: Over 50 years old population in Shibetsu City 

 
Figure 3. Expected Revenue of Taxi and Ride-hailing 

 

Evaluation of Profitability 
Flow of Revenue Allocation 
 

In this study, the revenue is allocated to the company 

operating the door-to-door service and the bus company. 

Hence, if there is no clear rule for revenue allocation, it 

may be difficult to operate the service without 

consensus-building. Therefore, this study assumes that 

the revenue is allocated according to the flow shown in 

Figure 4. Fare revenue obtained from subscribers is 

pooled in the operating joint venture in which the door-

to-door service company and the bus company have 

invested. Here, the operating joint venture is assumed to 
be the organization that allocates fare revenue and 

subsidies. The fare revenue pooled in the operating joint 

venture is then allocated to (A) door-to-door company 

and (B) bus company. Then, if the service is profitable, 

the profit for operating joint venture will be allocated to 

the bus company and door-to-door company based on the 

transportation performance. 

 
Figure 4. Flow of Revenue Allocation 

 
(A) Allocation to Door-to-door Company 
 

The monthly operating cost is allocated to the taxi or 
ride-hailing company. The operating cost is calculated 

using Eq-2, referring to the study by Yokoyama et al1). 

The average capacity utilization rate of the taxi in Japan 

is 44.67%2), and it is known that the rate is lower in low-

density areas. Therefore, in calculating the operating cost 

of this study, three scenarios are assumed: 30%, 40%, 

and 50%. because subscribers in this study use an ICT-

based vehicle dispatch system using an application, and 

research has shown that the capacity utilization rate 

increases with the application3). 

𝐶𝐷𝑡𝑜𝐷 = 𝐷𝑅 ×
1

𝑅𝑖
× 𝑒𝑐 + 𝐶𝑠 + (𝑁𝑜 × 𝐶𝑜) Eq-(2) 

𝐶𝐷𝑡𝑜𝐷: Operation cost of door-to-door service per month 

𝐷𝑅: Distance traveled using door-to-door service which 

is obtained from the questionnaire survey 

𝑅𝑖: Capacity utilization rate  

𝑒𝑐: Running cost unit for the taxi which the cost of labor, 

fuel, insurance, maintenance, etc. are included, 130.49 
(JPY/km)4) 

𝐶𝑠 : System running cost (ICT-based reservation and 

dispatch system), 4,000 (JPY/day)5) 

𝐶𝑜: Operator cost, 7,200 (JPY/person-day)5) 

𝑁𝑜: Number of operators 

 

(B) Allocation to Bus Company 
 

The allocation to the bus company is based on the data 

of the subscribers' use of the buses, and the amount equal 

to the regular fare revenue is allocated. 

 

Profit Calculation for Operating Joint Venture 
 

The following assumptions were made in order to 

calculate the profits. 
➢ Subscribers travel between each district in Shibetsu 

City and Shibetsu Station which is a central area. 

➢ The number of subscriber trips is calculated by 

multiplying the number of days per week answered 

in the questionnaire by 2. In short, it is assumed that 

they would use the service twice a day. 

➢ For the choice of transportation, door-to-door 

service is used up to the maximum number of trips 

out of the total number of trips, and the bus is used 

for the remaining number of trips. 

➢ When the door-to-door service is available 14 times 

a week, subscribers use the bus once a month. 
Then, the profits of monthly service are calculated 

using Eq-3 below. Here, revenue (𝑓𝑎𝑟𝑒𝐷𝑡𝑜𝐷 ×𝑀 ) is 

obtained by the subscription choice model and Eq-l. Also, 

𝐺𝑗   represents the ratio of the number of days of use 

answered by the respondents with the same maximum 

number of times for the door-to-door service. 

𝜋 = 𝑓𝑎𝑟𝑒𝐷𝑡𝑜𝐷 ×𝑀− 𝐶𝐷𝑡𝑜𝐷 −∑ ∑ 𝐹𝑖
𝑏𝑢𝑠 ×𝑀𝑖

𝑃𝑜𝑝
×𝑗𝑖

𝐺𝑗 ×𝐵𝑗
𝑡𝑟𝑖𝑝𝑠

   (Eq-3) 

𝜋: Profit 

𝑓𝑎𝑟𝑒𝐷𝑡𝑜𝐷: Monthly fare of new transportation service 

𝑀: Subscribers obtained by subscription choice model 

𝐶𝐷𝑡𝑜𝐷: Operation cost of door-to-door service per month 

𝐹𝑖
𝑏𝑢𝑠 : Bus fare (Shibetsu station ↔ Bus stop in each 

district) 

𝑀𝑖
𝑃𝑜𝑝

 : Subscribers in each district of Shibetsu City 

obtained by subscription choice model 

𝐺𝑗 :  Ratio of frequency respondents answered in the 

survey (1 to 7 days per week) with the same maximum 

number of times for the door-to-door service 

𝐵𝑗
𝑡𝑟𝑖𝑝𝑠

: Number of monthly bus trips 



 
 

 
 

Next, the profit calculated by using Eq-3 is shown in 

Figures 5 and 6 when door-to-door service is available 

twice and six times, respectively. It was shown that when 

door-to-door service was available twice a week, setting 

a fare of more than 11,000 JPY resulted in a surplus. 

Also, it was shown that by improving the capacity 

utilization rate, it became profitable at a lower rate 

setting. In addition, when the door-to-door service was 
available six times a week, a fare of 20,000 JPY resulted 

in a partial surplus, indicating that a surplus can be 

expected by increasing the number of subscribers and the 

capacity utilization rate. 

 
Figure 5. Result of Profit Calculation When Door-to-

door Service Is Available Twice a Week 

 
Figure 6. Result of Profit Calculation When Door-to-

door Service Is Available Six Times a Week 

 

Bus Company Profit Before and After the 
Monthly Service is Introduced 
 

Figure 7 shows the profit of the bus before and after the 

monthly service is introduced. Currently, the operating 

cost of the bus in Shibetsu City is about 4.2 million JPY 

per month, and the fare revenue is about 40% of that. 
When it is assumed that the capacity utilization rate is 

50% and the monthly service is 11,000 JPY and 20,000 

JPY, respectively, it was clear that with door-to-door 

service twice a week, the bus company's profit could 

produce surplus and with door-to-door service six times 

a week, the deficit could be reduced according to the 

willingness obtained from the survey. 

 
Figure 7. Bus company profit before and after the 

monthly service is introduced 

 

Conclusion 
 

This study proposed a new public transportation service 

with a monthly flat rate fare, which has not been 

considered for introduction in rural areas of Japan. It was 

found that the service was profitable when the door-to-
door service was available twice a week or six times a 

week, with fares exceeding 11,000 JPY and 20,000JPY, 

respectively. Therefore, this study concludes that the 

optimal price settings are 11,000 JPY and 20,000 JPY, 

which are profitable and have many users in terms of 

public transportation. 

Currently, transportation services in rural areas of 

Japan have been provided at very low fares that are 

unprofitable on the premise of subsidies. However, this 

study suggested that a new transportation service that 

combines existing public transportation and convenient 
transportation services can meet the demand and 

profitability of the service even with the high fare. 

Therefore, public transportation services such as this 

study should be considered for introduction in rural areas 

of Japan in the future. 
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