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ABSTRACT 
In rural areas of Japan, decreasing level of service of public transportation such as buses and 
railroads has become a serious problem. In recent years, as a result of population decline, the 
number of users of public transport has also decreased significantly. As a result, transport 
operators have reduced the number of services on unprofitable routes or abolished them.  

In Japan, the private sector is responsible for providing public transportation services, but it is 
not possible to secure profits from public transportation services alone in rural areas. For this 
reason, local governments pay large subsidies to private public transportation companies to 
operate and maintain public transportation services. 

Due to this situation, there has been no active investment or trial of public transportation in the 
most of rural areas. In addition, due to the impact of COVID-19, the management of private 
companies that provide public transportation services in rural areas has been deteriorating. 

As described above, public transportation services in rural areas in Japan have continued to 
decline to keep costs down in response to shrinking demand. However, such situation is 
beginning to change as the Japanese government begins to promote the introduction of MaaS 
measures from 2019. 

Since 2019, I have been involved in an effort to upgrade public transportation services in a 
typical rural area in Hiroshima. Specifically, as a MaaS project, I am working on the 
introduction of AI-based demand responsive transportation, subscription fares, and the 
upgrading of the local public transportation management system. The AI-based demand 
responsive transportation system was designed to accept only online reservations, but it was 
confirmed that most of the elderly people would adapt to the system. In addition, many people 
are willing to purchase a subscription ticket that allows unlimited rides on local buses and AI 
based demand responsive transportation for a certain amount of money, and it was confirmed 
from the demonstration experiment that this will increase number of outings of fun purpose 
trips, in addition to transportation for daily life purposes such as shopping. 
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The results of this project empirically show that mobility can support residents to go out more 
often and live healthier lives, while maximizing the use of current resources of operating rural 
public transportation. 

1. Introduction and purpose of this research 
In recent years, Japan has been facing many social problems, such as the occurrence of big 
disasters and an increase in depopulated areas where the population is rapidly declining and 
aging. In the depopulated areas, "Becoming inconvenient of public transportation" has 
become a big problem. As the number of public transportation users decreases due to 
population decline, the regional public transportation network is also decreasing due to the 
strategy of transportation companies from unprofitable routes. In addition, the private sector, 
which is in charge of regional transportation, has been suffering from deteriorating 
management. As a result, approximately 7,509 km of general bus routes were completely 
discontinued in the six years from FY2010 to FY2015. As for railways, 37 routes, 754 km were 
discontinued in the 15 years from FY2000 to FY2015 in Japan.  

In addition, public transportation in depopulated areas often does not support information 
provision services by mobile apps such as timetable search and real-time location information, 
which may lead to an increase in the number of car users and a decrease in the number of 
visitors. These factors have made it difficult to secure local transportation service for citizens 
and tourists in depopulated areas. 

Thus, in disadvantageous environments such as depopulated areas, "optimal operation 
methods of public transportation" and "response to search services" have become important 
issues in improving the convenience of public transportation. 

In this environment, the concept of "Mobility as a Service (MaaS)" has been attracting 
attention in recent years to improve the convenience of public transportation. "Mobility as a 
Service (MaaS)" is a concept that considers the combination of various transportation 
methods and services as a single transportation service, and enables one-stop seamless 
transportation, as opposed to door-to-door transportation. In addition, by integrating the 
individual services and prices of various transportation methods and services and pricing them 
as “a single service”, in other words, an "integrated intermodal service" is newly created, 
which is expected to bring about changes in users' travel behaviour by improving convenience 
in terms of price, and to improve the efficiency of travel demand and traffic flow management 
and supply.  

The Ministry of Land, Infrastructure, Transport and Tourism (MLIT) of Japan has called year-
2019 as "The first year of the MaaS" and had launched "New Mobility Service Promotion 
Project" to obtain demonstration experiments of new mobility services such as MaaS 
throughout Japan and to promote the building models to solve regional transportation issues. 
Nineteen demonstration projects were selected as pilot projects that will lead the nation in 
pioneering initiatives, and were categorized into three major regional types: “urban and 
regional cities”, “suburban and depopulated areas”, and “sightseeing spots”. The "rural 
suburban and depopulated area type" includes four areas, Shobara City in Hiroshima 
Prefecture which is the target area of this study was one of the area. 

The geographical, socio-economic environment and the possibility of utilizing mobility services 
in these areas are completely different, and there are very few examples of MaaS models and 
practices in depopulated areas. 
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The purpose of this study is to build and evaluate MaaS which adapts in depopulated areas in 
through experimental and trial project in Shobara. This would become one of the depopulated 
area model projects of the Japanese version of the "First Year of MaaS" mentioned above. 
Specifically, this project features an AI-delivered demand bus service and a subscription 
(fixed-price unlimited ride) service, which can be introduced by the concept of MaaS, and the 
model is constructed and evaluated. 

2. Overview of Research Field 
The city of Shobara, located in the northeastern part of Hiroshima Prefecture, is the research 
project field of this study. The city of Shobara is located about 100 km northeast of Hiroshima 
City. It is connected to Hiroshima City by an expressway. 

The population of Shobara is decreasing rapidly. The current population is about 37,000, it 
has decreased by 4,292 people (about 10%) in the seven years since 2010, and the birth-rate 
is declining and the population is aging rapidly. The number of people aged 65 and over is 
15,189, and the proportion of elderly people is as high as 42%. 

In this experiment, The authors conducted in two rural districts of Shobara City, called 
Honmura and Mineta districts. These two districts are located about 10 km east of the center 
of Shobara City, and are surrounded by mountains. These two districts are adjacent to each 
other. 

The two districts are adjacent to each other, and the population of the two districts is declining 
and aging rapidly. The population of the district is 1,390, but the number of elderly people 
aged 65 and over is 664, and the aging rate is 48%. 

Local transportation service is mainly served by local buses. There are five round-trip buses 
per day from city center to the Honmura and Mineta areas, but the service level is not easy to 
use. Because of this situation, the number of public transportation users among the general 
public is small, and the number of users of the above-mentioned bus route connecting the 
target area of this project and the center of Shobara City is about 40 people per day (total of 5 
round trips). 

3. Design of a MaaS system in an rural area 

3.1 Regional Issues and Basic Concept 
There are three major issues for mobility services in rural areas such including the research 
area. The first is that the distance from the starting point such as home to the bus stop is far, 
and the second is that the fares paid for public transportation such as buses are high due to 
the longer travel distance and higher per capita operating costs compared to urban areas. 

Specifically, with regard to the first problem, the aging of the residents in the target area may 
make it difficult for them to travel from their homes to the bus stop and from the bus stop to 
their destination. As a result, the current bus service is no longer able to meet the 
transportation needs of the aging population for hospital visits, shopping, etc., if they continue 
to be unable to give up their cars or if they do give up their cars. 

As for the second problem, to give a concrete example, when traveling from the target area of 
this study to the center of Shobara City, the fare for a 10-km bus ride is 620 yen for one way 
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and 1,240 yen for round trip, which is a heavy burden and does not allow for easy use of the 
bus. On the other hand, the supply of bus vehicles (capacity) is ample, and there is room for 
effective utilization. 

This research attempts to solve these problems by introducing an "AI-based demand bus 
service" for the first point and a "subscription service" for the second point. The first aims to 
introduce a new transportation service using MaaS, and the second aims to price it as a single 
service.  

3.2 AI-delivered demand bus service  
Based on the above-mentioned issues, we implement an "AI-delivered demand bus service" 
to address the problem of bus stops being too far away from the user's home, and to 
supplement the time between the current fixed-route bus routes. This dispatching system 
indicates bus stops, destinations, and efficient routes according to the needs of users. 

A 10-seater wagon is used as the vehicle, which enables the bus to operate on narrow roads, 
and to pass on roads that ordinary buses cannot pass on. 

As a result, the bus stops are more efficient than existing bus stops. As a result, it will be 
possible to go deeper into the city than existing bus stops, and the buses will be able to 
operate closer to users' residences and buildings such as supermarkets, which is expected to 
significantly shorten the access distance to public transportation points and improve 
convenience for users. As a result, the convenience of public transportation is expected to 
improve, and this can be expected to increase the number of times people go out and ensure 
an environment where it is easy for people to go out even if they cannot drive their own cars. 
In addition, from the viewpoint of improving the efficiency of routes, it is possible for operators 
to replace current route buses with "AI-based demand buses" in the future. 

In addition, the system can be used as a vehicle with a capacity of 10 passengers. In addition, 
the use of a 10-seater vehicle allows the driver's license required for operation to be changed 
from "Large Vehicle 2 category" to "Regular Vehicle 2 category ", which is the same as for 
cabs, thus expanding the range of employment and solving the problem of driver shortage.  

The "AI-based demand bus service" does not operate on a full-demand basis, but on a "semi-
demand basis" with a set reference schedule. The bus will operate two round trips per day 
according to the reference schedule. 

The bus runs two round trips per day according to the reference schedule. There are three 
main reasons for this. The first reason is to respond to the fact that the area to be operated is 
large. In this verification experiment, the service area is extremely wide at approximately 20 
km. Therefore, a "full demand" system that operates completely freely within the area 
according to demand would be inefficient.  

The second reason is to provide users with a sense of security by knowing the approximate 
departure and arrival times. Particularly in depopulated areas, the supply of cabs is not 
sufficient, and it is not uncommon for it to take a long time to request a taxi dispatch. By 
setting a reference schedule, the arrival and departure times are set as a guide, so that users 
can visualize how long it will take to arrive and have a certain sense of security. 
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The third point is the support for public transportation schedule search services. While it is a 
demand service, it has timetable information, which enables it to be compatible with widely 
used web and application services for searching bus and train schedules. The AI-system will 
determine the optimal route to take based on the day's reservation. 

For the use of the AI-based demand bus service, reservations were required up to the day 
before. Reservations were accepted only by phone. The system used also has a reservation 
function using a smartphone application, but this was done in consideration of the possibility 
of adaptation by the elderly persons. The reason is that the possession rate of smartphones 
required for making reservations is approximately 50%, and the authors judged that it would 
be difficult to make reservations using the reservation function of the AI-based reservation 
system. 

3.3 Subscription service 
As for the second point, the problem of the heavy burden of fares when using public 
transportation, this project tries to solve this problem by introducing a "subscription service" 
(unlimited ride by fixed fare basis). The purpose of this service is to eliminate the resistance to 
increase the number of outings by eliminating the need to pay the fare each time. In public 
transportation services with few users, especially in depopulated areas, it is highly likely to 
attract new users, and even if there is a shift from users who pay on a case-by-case basis, it is 
highly likely to result in an increase in revenue if the number of subscription purchasers is 
relatively large. In other words, it may contribute to the improvement of QoL (quality of life) 
and the increase of fare revenue. 

In this study, the subscription fare was set at 1,400 yen/month in Mineta district and 1,600 
yen/month in Honmura district according to the distance from the center of Shobara City. For 
reference, the fares of the parallel bus routes are about 500 yen from Mineta District to 
Shobara City and 500-800 yen from Honmura District to Shobara City. 

In addition, for the purpose of improving the circulation in Shobara City, unlimited rides are 
provided on the parallel buses (5 round trips on weekdays) and the buses in the center of 
Shobara City. "Although the AI-delivered demand bus service alone can achieve all the 
objectives, the introduction of the unlimited-ride system is expected to make effective use of 
waiting time, allow people to travel around the center of Shobara City, and induce activities 
other than the minimum necessary purpose. 

4. Implementation of demonstration experiment 
Applying the system mentioned above, a demonstration experiment was conducted on 
weekdays from November 1 to the end of 2019 (20 days of operation). For the experiment, we 
recruited 89 monitors from the residents of the Honmura and Mineta areas through the local 
community association. 

As a reward for their participation, the monitors received a gift certificate worth 1,000 yen from 
a large supermarket in the city center (locally owned) after the experiment. In addition, a 
cooperation fee of 400 (Mineta district) to 600 yen (Honmura district) per monitor was paid to 
the local community association. 

Most of the monitors participating in the experiment were over 60 years old, and about half of 
them were over 70 years old. There were also three participants in their 90s. The ratio of male 
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to female participants was almost equal. About half of the monitors were unemployed, and the 
proportion of those who worked at home, such as office workers, civil servants, and part-time 
workers, was low. Nearly 90% of the participants had a driver's license and a private car. 
Therefore, the percentage of those who use cars as their usual means of transportation is 
overwhelmingly large. The frequency of the participants' use of buses was extremely low. 
About 80% of the total respondents answered that they "rarely use" the bus, indicating that 
there is little habit of using public transportation among the monitor participants. We also 
asked the participants to ride the bus at least once during the monitoring period. 

5. Evaluation 
The demonstration experiment was conducted on weekdays (20 days) from November 1 to 
the end of 2019 using the above mechanism. In order to evaluate "MaaS for depopulated 
areas", This research evaluates the operational results and users' opinions of "AI-based 
demand bus service". 

5.1 Perspective of the evaluation 
This research evaluates "MaaS for depopulated areas" based on the operational results of the 
"AI-delivered demand bus service" and the satisfaction and opinions of users. In this "MaaS 
for depopulated areas", the AI-based demand bus service and other services (unlimited rides 
on existing bus routes (subscription)) are integrated. The high level of user satisfaction 
suggests that this MaaS model provides better services to local residents and is highly 
convenient by integrating multiple routes and other services even in depopulated areas where 
public transportation is not available. In addition, by incorporating the opinions of users, we 
aim to build a MaaS model that is suitable for further depopulated areas. 

From this perspective, we will discuss the usage of AI-based demand bus service from the 
usage performance data, and grasp the change in behavior by introducing the combination 
with unlimited rides (subscription) through a questionnaire survey. 

5.2 Actual number of passengers 
A total of 238 passengers boarded the bus, an average of approximately 11.9 passengers per 
day. The number of passengers using the parallel bus route also increased during the 
experiment.  

5.3 Evaluation by questionnaire 

5.3.1 Design of the questionnaire 

A questionnaire survey was conducted on the monitor participants in order to grasp the 
changes in their awareness and behaviour caused by the introduction of the AI-delivery type 
demand bus service and the subscription (fixed-price unlimited ride) service in more detail.  

5.3.2 Result of Questionnaire Survey 

The questionnaire survey was conducted immediately after the completion of the 
demonstration experiment (December 2019) distributed and collected by mail. 83 participants 
responded (collection rate: 93%, 83/89). 

At first, the frequency of use of the bus service is mentioned. More than 70% of the monitors 
used the bus service three times or more. In addition, about 40% of the monitors used the AI-
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delivered demand bus in conjunction with the route bus (Honmura-Mineda line), and some of 
them used it 10 times during the period. These results suggest that the improved convenience 
of AI-based demand buses does not deprive users of parallel bus routes, but has the effect of 
linking them. Next, "shopping" was by far the most common reason for the monitor 
participants to go out using the AI-based demand bus and route bus, followed by "hospital 
visits.  

As for the change in the number of times they went out during the experiment, none of the 
respondents answered that the number of times they went out decreased compared to the 
usual. About 20% of the respondents answered that the number of times they went out 
"increased significantly" or "increased". The results suggest that the MaaS model 
implemented in this study is likely to have increased the number of opportunities for these 
people to go out. 

In terms of the respondents' evaluation of using the AI-based demand bus service, there was 
a high percentage of "agree" in the items of "bus spots are close to home," "good opportunity 
to talk with local people," "AI-based demand bus service is more suitable for local 
transportation," and "interest in local transportation has increased. On the other hand, a large 
percentage of respondents answered "disagree" to the item "making reservations is not 
troublesome," suggesting that there are psychological issues that need to be addressed 
before the service can be introduced in the future. For the other items, there were many 
"agree" and "agree" responses, indicating that the AI-based demand bus service was highly 
evaluated. 

As for the willingness to pay additional fare for AI-based demand bus service, which means to 
pay a value-added fare per ride (one way) in addition to the existing bus fare, it is about 500 
yen on average, assuming that reservations are accepted until the last minute. 

As for the acceptability of MaaS tools, it is expected that applications, online reservations, 
payments, and searches will be psychological hurdles, especially for the elderly. In order to 
evaluate this resistance, we asked the acceptability of the tools that were included in MaaS. 
"More than half of the respondents answered that they would like to use "ticket display," 
"timetable search," and "route search. Although the elderly are generally considered to be 
uncomfortable with these services, the results suggest that there is room for acceptance of 
these services among the elderly, at least in the depopulated areas of this study. 

5.3.3 Acceptability of Subscription Fare 

In this experiment, a fixed fare of 1,400 to 1,600 yen per month was charged for unlimited use 
of the AI-based demand bus service, parallel local buses, and local buses in the city center. 
As a result, it was observed that many people used the service by transferring to and from 
local buses and that the number of users of parallel local buses increased. We also asked 
questions to understand the acceptability of such a fare system.  

Specifically, three levels of monthly payment, "1,500 yen/month," "2,500 yen/month," and 
"3,500 yen/month," and three levels of annual payment, "15,000 yen/year," "25,000 yen/year," 
and "35,000 yen/year," for a total of six levels, and two names, "commuter pass" and 
"commuter pass (local return type)," were shown. The names were "commuter pass" and 
"commuter pass (community-reduced)," which were assigned to orthogonal tables using the 
design of experiments. The term "commuter pass (community return type)" was defined and 
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presented as "5% of the sales amount is returned to the community (community association). 
It is assumed that there are no other services such as gift certificates. 

"The monthly amount of 1,500 yen for the commuter pass was the amount actually collected 
from users in this experiment, and almost all of the respondents answered that they were 
"willing to purchase" this amount. Although the willingness to purchase decreases as the fare 
increases, nearly half of the respondents were willing to purchase the service even at 3,500 
yen per month. 

On the other hand, the intention to purchase decreased significantly when the annual lump-
sum payment was made. At the lowest level (15,000 yen per year, 1,250 yen per month), only 
about half of the respondents have the intention to purchase, which is much lower than the 
monthly payment. The reasons for this are as follows.  

The reason for this is seemed to be that people avoided paying a large amount of money at 
once.In the case of "commuter pass (local return type)," the tendency is not much different 
from that of "commuter pass," although it is about 10-20% lower than that of "commuter pass. 
Although we expected that the willingness to purchase a commuter pass would increase with 
the "return to the community" feature, the opposite was true.  

These results suggest that the acceptability of subscription fares is high even in depopulated 
areas, and that monthly fares are preferred to annual fares, which are less burdensome to 
pay. 

6. Summary and future issues 
The "depopulated area version of MaaS" implemented in this study aims to "supplement 
mobility needs" and "increase opportunities to go out" in the target area. The "AI-based 
demand bus service" and the "unlimited bus ride system" were both evaluated as "good" and 
"very good" by more than 70% of the respondents, indicating that the implemented services 
were highly satisfactory for the users.  

In addition, it was confirmed that the number of outings increased, which may contribute to the 
expansion of local consumption. In addition, it was confirmed that subscription fares are highly 
acceptable even in depopulated areas with few services. Specifically, the total number of 
passengers on the existing Honmura-Mineda line was 514 on the outbound route 
(Honmura/Mineda to Shobara City) and 389 on the inbound route (Shobara City to 
Honmura/Mineda) in the fiscal year ended November 2018, and assuming an average fare of 
500 yen, the total fare revenue on this line was approximately 450,000 yen. If the average fare 
is 500 yen, the total fare revenue of the route is about 450,000 yen. On the other hand, if a 
subscription fare system of 1,500 yen/month is introduced, the revenue will improve if the 
number of purchasers exceeds about 300. From the evaluation of the MaaS implemented in 
this study and the high acceptance of the subscription system, more users can be expected 
and the fare revenue can be expected to increase. Another important point is that the 
introduction of the subscription system makes it possible to visualize the usage status of local 
public transportation. In particular, this demonstration experiment was conducted with the 
cooperation of the residents' association, and the association was paid for its cooperation. As 
a result, there were nearly 100 participants from the local community, and the ratio of local 
residents to the population was not negligible. The results show the possibility of a 
management model that maintains public transportation for the entire region, and the 
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possibility of improving the awareness and performance of the entire region, including local 
residents, in using public transportation.  

From these results, it can be said that public transportation in depopulated areas with few 
users can be motivated to use public transportation by AI-based demand buses and 
subscription fares, which can also secure potential users and improve profitability. As a future 
issue, the results of this analysis were obtained in a single region, and it is necessary to verify 
the results in multiple regions in the future. In addition, it is desirable to develop MaaS 
applications for depopulated areas and to reconstruct the transportation system based on 
these results. 


